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GEOLOGY OF THE CLINTON COUNTY MAGNETITE DISTRICT, NEW YORK

A. WiLLiaMs PosTEL

ABSTRACT

This report describes the pre-Cambrian, nontitaniferous
magnetite distriet of Clinton County, N. Y. Descriptions of
the petrology and structure of individual magnetite deposits
and the rocks of the region as a2 whole are given. The work
involved the geologic mapping of the Dannemora, Lyon
Mountain, and Churubusco quadrangles, and that part of
the Ausable quadrangle that lies north of the Ausable River.
Structural interpretations are based on this mapping, on
inspection of all the working and abandoned mines in the
area, on detailed logging of many thousands of feet of
diamond-drill core, and on a study of many new and old
detailed dip-needle surveys. Petrological interpretations are
based on many hundreds of thin sections from specimens
collected during the geological mapping and the logging of
diamond-drill-hole core. Interpretation of the magnetite rela-
tionships are based on the study of thin sections and polished
sections.

Previous work in the area and ideas on the origin of the
ore and associated rocks are reviewed. Earlier workers have
assigned various origins to the magnetite, Some have been
- in favor of a sedimentary origin, others an igneous origin.
Geologists preferring the igneous-origin have explained the
magnetite as (1) a direct crystal segregation from a magma,
(2) the result of reaction with and replacement of older rocks
by solutions of magmatic origin, (3) the result of the en-

*. richment in iron of pegmatitic fluids on contact with gab-

broic rocks, or (4) the result of pneumatolytic metasomatic
replacement.

Pre-Cambrian rocks in the area, in order of decreasing
age, are the Grenville series (metamorphosed sedimentary
rocks), the gabbro-anorthosite complex, Hawkeye granite
gneiss, quartz syenite gneiss and the Lyon Mountain granite
gneiss complex which includes four distinet units. These are
covered in part by sediments of the lower Paleozoic, and
unconsolidated sediments of Quaternary and Recent age.
Rocks younger than the pre-Cambrian are discussed only
briefly; they include the Paleozoic Potsdam sandstone and
the Beekmantown dolomite, and Pleistocene to Recent un-
consolidated glacial debris and fluvial sands and gravels.

The metasediments of the Grenville series are considered
to have been originally calcareous, argillaceous, and arenace-
ous sediments altered to their present condition by dynamic
and contact metamorphism. The gabbro-anorthosites are con-
sidered to have been derived by differentiation from a mazma.
The quartz syenite and the Hawkeye granite gneisses are
believed to be different phases produced by the solidification
of a magma younger than the gabbro-anorthosite magma. The
Lyon Mountain granite gneiss complex is believed to have
originated in part by the emplacement of a granite magma,

younger than the quartz syenite-Hawkeye, magma, ¢nd in
part by granitization of magmatic origin.

The structure of the area is thought to be the result of
regional plastic deformation. Synclines and anticlines of
both major and minor dimensions are encountered through-
out the region. The folding is in many cases isoclinul and
sometimes is overturned. Faults of different magnitudes also
exist. All these structures may be deciphered by observation
of the foliation and mineral lineation that is typical of all
the pre-Cambrian rocks of Clinton County.

The ore bodies are confined to the pre-Cambrian Lyon
Mountain granite-gneiss complex, the youngest of the pre-
Cambrian granite gneisses. The magnetite replaces a series
of rocks within this formation, but the most important re-
placements occur in microperthite granite gneiss, plagioclase
granite gneiss, microantiperthite granite gneiss or in
pyroxene-contaminated phases of the foregoing rocks.

Some of the ore bodies have a plunging cigarlike shoot
structure. These shoot structures are connected parallel to
the strike of the enclosing rocks by zones of noneconomic
magnetite. The ore occurs on the limbs and in the keels of
synclines. Many of the magnetite localities examined show
the magnetite either replacing rocks with cataclastic tex-
tures or associated with rocks, on the hanging or footwall
side, having cataclastic textures.

The greater part of the magnetite is thought to be of
pneumatolytic origin. It is suggested that iron-halogen ema-
nations, derived from magmatic sources, penetrated the
Lyon Mountain granite gneiss along sheer zones, and, on
hydrolysis, deposited the iron as magnetite.

A brief account of the airborne magnetometer survey
of this region is included. Traverses at quarter-mile inter-
vals were flown over the magnetite districts. No new ano-
malies of importance were discovered.

INTRODUCTION
PURPOSE AND SCOPE OF THE REPORT

The study of the Clinton County magnetite dis-
trict was begun during World War II as one
of many such investigations in the United States
whose purpose was to aid in the development of
deposits of strategic minerals.

The report is concerned only with the nontitani-
ferous magnetite. Titaniferous magnetite, except at
the Duncan Mountain prospect, is not found in the
area.

Work was started late in the field season of 1944
and was resumed during the field seasons of 1945

1



2 GEOLOGY OF CLINTON COUNTY MAGNETITE DISTRICT, NEW YORK

and 1947. In the course of the investigations, two
heretofore geologically unmapped quadrangles,
Dannemora and Churubusco, were completed, the
Lyon Mountain quadrangle was remapped, and part
of the Ausable quadrangle was remapped to provide
additional structural and petrological information.
The area was mapped on the standard (1/62,500)
topographic base; in addition, a few small areas
were mapped on enlargements (2 to 3 times) of the
1/62,500 base. The geologic mapping, investigation
of diamond-drill cores, and general petrographic
study were supplemented by examination of ap-
proximately 675 thin sections and 30 polished speci-
mens of ores. Approximately four winters were
devoted to laboratory investigation of petrographic
material and to compilation of the report and maps.

The purpose of this report is to assemble all pre-
viously existing information on the region and to
add the new information that has resulted from this
further field and laboratory investigation. New in-
vestigation, both in the field and in the laboratory,
wag guided by recent trends in geologic philosophy
and technique.

LOCATION AND CULTURAL FEATURES

Clinton County is the extreme northeastern county
in New York State. Its neighboring counties to the
west and south are Franklin and Essex, respectively.
The eastern boundary is Lake Champlain. The inter-
national boundary between the United States and
Canada forms the northern limit. Plattsburg is the
county seat. The area covered in the present investi-
gation is shown in figure 1.

The region is dominantly agricultural. Dairy
products, fruit, and potatoes represent the bulk of
the farm output. Pulpwood is cut and marketed from
the wooded sections. Manufacturing industries are
confined to Plattsburg and vicinity. Electric power

is generated at several points along the Saranac.

River.

An excellent road network permits access to the
greater part of the area. The main roads, including
secondary roads, are kept open throughout the
winter. Timber trails lead to most of the rugged,
forested sections though local knowledge is neces-
sary for their use.

The main line of the Delaware and Hudson Rail-
road crosses the eastern part of Clinton County from
north to south; a spur line is operated from Platts-
burg to Lyon Mountain; another spur connects
Plattsburg with Ausable Forks. The Rutland Rail-
road gives rail service to the northern part of the
county.

TOPOGRAPHY AND DRAINAGE

Maximum relief in Clinton County is approxi-
mately 3,710 feet. The highest altitude is on Lyon
Mountain, 8,830 feet; the lowest altitude is at the
shore line of Lake Champlain, somewhat under 120
feet,

The area may be divided into two topographic
units: a flat, gently rolling unit of low relief and a
rugged mountain unit of high relief. The flat unit
extends across the entire northern third of the
county and projects southward along the shore line
of Lake Champlain and westward from the lake for
10 to 15 miles. This is part of the St. Lawrence
Valley physiographic province. The remaining south-
western part of the county is in the northeastern
sector of the mountainous Adirondack province.

Known zones of magnetite deposits are restricted
to the mountain zone. The major mountain blocks
trend north, though some blocks have pronounced
easterly trends. Local differential relief ranges from
about 800 feet to 2,200 feet. The most important
valleys are alined east and west.

Drainage in Clinton County empties into Lake
Champlain and is controlled by four master streams
whose dominant line of flow is eastward. These
streams are from north to south, the Big Chazy,
Saranac, Salmon, and Ausable Rivers. Innumerable
small streams feed these main trunks. Small lakes
and ponds abound in the region. Two large lakes,
Chazy and Upper Chateaugay, should be given spe-
cific mention; they lie on the boundary between the
Lyon Mountain and Churubusco quadrangles.

PREVIOUS WORK IN THE AREA

Ebenezer Emmons (1842) has presented one of
the earliest accounts of the iron-mining industry in
Clinton County. His work is of interest to those con-
cerned with the historical aspects of New York State
iron; it is also a valuable guide to those interested
in reexamining old workings. Additional historical
reviews have been written by Witherbee (1916) and
Linney (1943). Geologic studies of the northeast
Adirondack ‘iron ores include the work of Newland
(1908). Nason (1922) described the Adirondack
ores and gave an estimation of ore reserves by dis-
tricts. Two quadrangles adjacent to the Dannemora
quadrangle, the Ausable quadrangle (Kemp and
Alling, 1925) to the south and the Lyon Mountain
quadrangle (Miller, 1926) to the west, have been
mapped. Reports on these two quadrangles include
descriptions of the important mines in the region.
Alling (19389) in another paper presented his opinion
on the origin of the Adirondack magnetite deposits.
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He also gave (1942) a generalized description of
various important mines in the Adirondacks.

An account of the deposits at the Chateaugay
mine at Lyon Mountain was recently given by
Gallagher (1987). A more recent overall description
of the iron-mining industry in New York State may
be found in the Adirondack Iron Mining issue of
Mining and Metallurgy for November 1943. Oliver
(1945) wrote a paper describing the beneficiation
of Adirondack magnetite,

A popular account of the mineral industry of New
York by Otte (1943) also refers to the magnetite
ores of the state.
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DESCRIPTIVE GEOLOGY
METAMORPHIC AND IGNEOUS ROCKS
DEFINITION OF TEXTURAL TERMS

Nearly all the rocks described here possess a
visible gneissic texture. The textural terms used

in the tables of model composition refer only to tex-
tures as seen in thin section under the microscope.

The term “xenomorphic-granular” is used in the
sense defined by Johannsen (1939, p. 39) it refers
to a texture wherein the minerals composing the
rock have crystallized nearly simultaneously so that
they interfered with each other’s growth and pre-
vented the formation of crystallographic boundaries
on any of the individual minerals. The term “granu-
lar” has the same significance as xenomorphic-
granular, but it implies in addition that the minerals
in the rock are generally equidimensional. “Schis-
tose” and ‘“gneissic” are fairly standard and need
not be redefined. “Cataclastic” and “mylonitic” refer
to the textures produced in rocks through deforma-
tion by crushing. If mechanical granulation has been
extreme, to the point of producing very fine tex-
tures, the term “mylonitic” is employed; medium-
grained textures are called cataclastic. This descrip-
tion is based on the generally accepted definition of
“fine-grained,” “medium-grained,” and “coarse-
grained” as applied to mineral aggregates in rocks.
Fine-grained rocks have mineral units less than
1 millimeter diameter; coarse-grained rocks are
composed of minerals having diameters larger than
5 millimeters. Mylonites are in the fine-grained
category; cataclastic rocks may be medium- or
coarse-grained. The description “recrystallized cata-
clastic” is used in subsequent tables to designate
cataclastic textures where the grain boundaries have -
ceased to be sharp and somewhat angular and have
become instead sutured or interlocking, owing to
recrystallization. It must be admitted that this term
when applied to advanced recrystallization is sub-
jective in its application and depends on experience
in observation of intermediate stages.

Textural designations other than the foregoing
are, it is hoped self-explanatory; otherwise, refer-
ence may be made to Johannsen (1939).

GRENVILLE SERIES

Well-defined belts of the Grenville series (meta-
morphosed sedimentary rocks) are not predominant
in the area mapped. The best exposure is in the
west-central part of the Churubusco quadrangle,
where the Grenville series, in a synclinal fold, crops
out over an area of about 6 square miles. Smaller
areas of the Grenville are in the Lyon Mountain,
Dannemora, and Ausable quadrangles. At the out-
crop the foliation of these rocks stands out as a
strong ribbing.

The Grenville series shows a variety of composi-
tions and includes amphibolites, biotitic and pyrox-
enic amphibolites, pyroxene skarn (skarn is an old
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Swedish mining term for the silicate gangue of pre-
Cambrian iron deposits), plagioclase pyroxene
gneisg, plagioclase-garnet-pyroxene gneiss, biotite
gneiss, quartz-feldspar gneiss, quartzite, granitized
and migmatized (a gneiss into which igneous ma-
terial has been injected parallel to the foliation)
pyroxene gneiss. These various rock types in the
metasediments are due in part to differences in
original sedimentary composition and in part to the
metamorphic histories of the rocks These rock types
are shown by one symbol on the geologic map, as the
small scale prohibits finer separation.

Many of the skarn rocks (table 1) are associated
with magnetite deposits. The pyroxene skarn,
consisting mainly of hedenbergitic diopside,
Z N\ c 48° — 60°, is a dark-green coarse-grained rock
whose color and coarse texture generally veil the
foliation. The plagioclase-pyroxene gneiss (table 2)
is generally a well-foliated, medium- to coarse-
grained rock composed of alternate layers of grayish

TABLE 1.—Modal composition of 2 samples of skarn
[D, dominant; X, present; Gn, gneissic; Gr, granular]
825B 832C
Beapolite. . .......oiit i e
UALEZ. . o
linopyroxene
Accessories. . .
Magnetite
Apatite. .
Sphene. . . D |.........
TeRBUTE. o i vttt it i rnreeet e eiee e e araaeaan Gn Gr

1n0 1.571, equivalent to 47 percent meionite (Winchell, 1933 p. 294).
825B. 1,000 feet northeast from Harrigan Corners, Churubusco quadrangle.

825C. On road 3,500 feet north of letter “v"” in “Clintonville,” map of Ausable
quadrangle. K

b

plagioclase and green pyroxene. Most of the biotite-
plagioclase gﬂeiss (table 3) is purplish gray and has
a fine-grained to medium-coarse-grained texture.
The granitized and migmatized gneisses (table 4)
are medium- to coarse-grained and are pink or
green, depending on the relative quantities of potash
feldspar and pyroxene. The migmatite type of rock
has strongly developed foliation.

In general the plagioclase of the rocks is oligoclase
or andesine, though in the granitized gneisses—
those having considerable potash feldspar—the
plagioclase may fall in the albite-oligoclase range.

The pyroxene skarn has been interpreted by
Buddington (1939) as calcareous, or impure cal-
TABLE 3.—Modal composition of 3 samples of biotite-plagio-

clase gneiss
[Gr, granular; G, xenomorphic-granular; D, dominant; X, present]

Microcline. .. ..ooviniineiiiienn i
Mieroperthite. . ........o.oiiiiiiiiiiiiian.,
Microantiperthite

Magnetite.
Accegsories. .
Magnetite.
Zircon......
Apatite. ...
Sphene. .. .ooieiiii it e e
Chlorite
Garnet. .. vovere i

336. 2,000 feet north of letter k& in “True Brook”, map of Lyon Mountain
quadrangle.

337. 2,500 feet N.10° W. of letter % in *“True Brook'’, map of Lyon Mountain
quadrangle.

704A. On the numeral 1" of altitude “1504, Sugar Hill”, map of Dannemora
quadrangle.

TABLE 2—Modal composition of 11 samples of plagioclase-pyroxene gneiss

[D, dominant; X, present; G, xenomorphic-granular; Gn, gneissic; Gr, granular]

282A 334D 1402 1457A 480A 1690B 825A 877 970 1018A R14
. 3 A Anz An: Angi* Any Ang? Anz? Ang
Plagioclase?. . ................... ?gmf ‘%1“15 fﬁ?’g 56!}282 42.1 4%3 gg .li 60.9 tlig . i 61.4 48.3
uartz....... B & S R R P T L T. [ O I S T F
linopyroxene 20.8 37.0 12.1 16.0 26.8 11.6 12.1 37.8 10.0 24.0 35.2
Hornblende. . 10.6 |o.vunnn.. 36.0 20.9 4.4 1 S o o
Biotite....oviiiiiiiiii i Tr. L T R L P P 5.1 (.. ...,
L T S D 12.3 |oooivii e 7.2 78 i
%‘,Iourmaline ............................................................................ el 13.6
agnetite................ oo o e e P TS Y [T,
Aceessories. . ...... .o eeiiaiin. 9.5 1.4 5.3 6.2 4.6 3.0 2.7 1.2 9.1 1.7 2.8
Magnetite. . X D D D D D O X D D D
Zircon. .. X X X e X X X X X D S P
Apatite. . X X X X X D X . X D S
Sphene. . D X e e D D b S PO
Texture............ccooevvvann. Gr G Gn Gn Gr G Gr G Gr Gr Gr

1 Pyroxenic amphibolite.

. 3 Plagioclase compositions here and in all following tables, determined by
interference-figure method.

282A. On main highway 0.5 mile west’of Clayburg bridge, map of Lyon Mountain
quadrangle.

334D. Outcrop in bed of True Brook, 1,000 feet south of letter “o0” in “Moffits-
ville,” map of Lyon Mountain quadrangle.

402, 4,000 feet N. 65° E. from letter “a” in “Russia,” Johnson Mouhtain, map of
Lyon Mountain quadrangle.

457A. 2,000 feet south of letter *‘e”
quadrangle.

480A. 500 feet N. 65° W. of letter “H” in “High Falls,” map of Lyon Mountain
quadrangle.

in “Ore Pond,” map of Lyon Mountain

3 Some microantiperthite.

4 Orthoclase, 1.2 percent.

8 Chloritized.

690B. Southwest escarpment of Terry Mountain, 1,600 feet N. 70° E. from
letter “T” in “Terry Mountain,” map of Dannemora quadrangle.

8:15A. 1,000 feet northeast from Harrigan Corners, map of Churubusco quad-
rangle.

877. 4,500 feet S. 30° W. from the “Bell School,” map of Churubusco quadrangle.

970. 2,500 feet S. 25° E. from letter “e”’ in ‘“True Brook,” map of Lyon Mountain
quadrangle.

1018A. 1,500 feet north from letter ‘'y” in “Haystack Knob,” map of Lyon
Mountain quadrangle.

R14. 4,000 feet S. 80° E. from the letter ‘“‘v”
Dannemora quadrangle.

in “Little Ausable River,” map of
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TaBLE 4.—Modal composition of 9 samples of granitized pyroxene gneiss

[X, present; D, dominant; Gn, gneissic; G, xenomorphic-granular; Gr, granular]

355 366 427 614 622 629 771 1018 R129
Microcline. .......oovuiiii i e 2.5 [cevinannnn 1“1y e L ...................
27.8 19.0 222.3
Microperthite.......... ... ... o i i 28.9 e A 24.4 || A A ?:g.l reegass
; Ang Aniz n2e DO | .vuinnn.. nio nis nes D2y
Plagioclase. ....coovniiiiinnnn S RETARErT { & 31.3 60.7 147 | 32.6 30.6 43.4 8.3
Quartz. . ... e e 6.7 Tr. b3 0 S S DR 5.2 22.4 176 1..........
CLNODYIOXeNe. . ..\ttt te ettt eaaneennnnan 6.7 27.6 2.7 28.6 29.2 39.4 21.6 2.0 17.3
Hornblende......... ... e e 5.0 1 R [ P Y 5.2 ...t
Biotite............ .o oL, ;
Garnet. ..

Magnetite
Sphene. ..
Accessories. . ...l

Chlorite. .

Texture. ... .o i

1 Orthoclase.

2 Little microantoperthite.
3 Chloritized.

355.
366.
427.
614.
622.
629.
771.

4,000 feet south of letter “H” in “Clark Hill,” map of Lyon Mountain quadrangle.

500 feet south of letter “R’ in “Russia Mountain,” map of Dannemora quadrangle.

6,000 feet west of letter “‘k” in “True Brook,” map of Lyon Mountain quadrangle.

3,500 feet N. 40° E. from letter “L” in “Little Ausable River,”” map of Dannemora quadrangle.
3,500 feet N. 45° E. from letter “L" in “Little Ausable River,”” map of Dannemora quadrangle.
4,500 feet N. 10° E. from letter “L” in “Little Ausable River,” map of Dannemora quadrangle.
2,500 feet S. 70° E. from letter “I”’ in *“‘Black Brook,” map of Dannemora quadrangle.

1018. 1,500 feet north from letter “y” in “Haystack Knob,” map of Lyon Mountain quadrangle.
R129. Top of hill 2385, southwest of the letter “r'’’ in Ellenburg Mountain, map of Churubusco quadrangle.

careous, sedimentary material that was altered to
its present form through metasomatic replacement
by iron and silica-bearing solutions of igheous ori-
gin. Skarn rocks presumably of this origin may be
seen in Clinton County, particularly at Lyon Moun-
tain. They occur as well-defined septa or lenticular
masses in the younger Lyon Mountain granite
gneiss.

The pyroxene skarn rocks of the area afford no
possible evidence of sedimentary origin in them-
selves. Neither are such rocks found in Clinton
County clearly interbedded with other types of
metasediments of the Grenville series. On the con-
trary pure pyroxene rocks occur always in granite
gneiss as tabular or lenticular layers parallel to the
regional structure. These occurrences indicate only
that the pyroxene rocks are older than the granite
and therefore could be metasediments.

Gallagher (1937, p. 25) was of the opinion that the
hedenbergitic diopside was of magmatic origin but
was a mineral not in equilibrium with the magma
that produced the Lyon Mountain granite gneiss.
This idea is considered doubtful as the tabular habit
of the skarn layers is more typical of inclusions of a
preexisting country rock into which the magma was
intruded.

Miller (1926, pp. 16 and 83) ascribes the pyroxene
rocks to an alteration of hornblende-hypersthene
metagabbros. Examination of thin sections led him

to describe pyroxene as having replaced hornblende;
examination of thin sections collected for this report
however, indicate that where the two minerals co-
exist, the hornblende replaces the pyroxene. Miller
also claims that the pyroxene “diallage” crystallized
“approximately simultaneously” with magnetite.
Subsequent discussion here will show clearly that
magnetite is definitely later than pyroxene and re-
places it. Also, if Miller’s hypothesis were correct
it would be probable to expect the existence of nearly
pure hornblende bodies in nonmineralized areas—the
counterparts of nearly pure pyroxene bodies, as seen
at the Lynch prospect, that do exist in mineralized
areas. Hornblende masses of such purity have not
been observed.

Green clinopyroxenes with optical properties simi-
lar to those in the skarns also occur as fracture and
vug fillings in granite (fig. 2). These could repre-
sent recrystallized remnants of skarn material that
contaminated the granite; but a few large pyroxene
grains of this kind enclose smoothly rounded blebs of
microperthite, a mineral considered generally young-
er than the skarn rocks of this area. Recrystalliza-
tion of the granite after crystallization of the micro-
perthite may have enlarged the pyroxene crystals,
thus enclosing the microperthite (poikiloblastic
texture); or the microperthite may have replaced
the recrystallized pyroxene. The evidence from thin
sections is not clear, but if the pyroxene was later
in origin than the microperthite then the rocks of
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EAST

WEST

EXPLANATION
—_—

Clinopyroxene veinlets Clinopyroxene blebs 0.5
0.1 inch wide or less inch wide or more

0 1 Foot
)

| 1 1

SN

FIGURE 2.—Clinopyroxene veins in Lyon Mountain granite gneiss, Mitchell
Mountain, Dannemora quadrangle.

Clinton County must include two generations of
green pyroxene,

The septa of pyroxene skarn may be metasedi-
ments, whereas the pyroxenes filling veins and frac-
tures in the granite may be of magmatic or hydro-
thermal origin. The latter possibility will be dis-
cussed further in a later section. (See p. 45.)

ANORTHOSITE AND GABBROIC ANORTHOSITE

The principal anorthosite mass in the area mapped
is in an overturned anticlinal fold in the southeast
corner of the Dannemora quadrangle, continuing
southward into the Ausable quadrangle.

. The anorthosite is a coarse-grained, pale-gray
rock in which individual plagioclase crystals attain
dimensions of as much as 3 by 4 inches. Mafic
minerals include pyroxene, hornblende, and red
garnet; the distribution and amount of these min-
erals are variable. Here and there thin gabbro

layers are enclosed within the anorthosite. The
typical anorthosite is very poor in ferromagnesian
minerals. Locally, however, the ferromagnesian
minerals increase to the point where strictly the
rock should be classified as a gabbroic anorthosite,
or even gabbro. Table 5 illustrates such variations.
TABLE 5.—Modal composition of 5 samples of amorthosite

and gabbroic anorthosite :

[D, dominant; X, present; Gr, granular; G, xenomorphic-granular]

1749 2776 776A1 776B1 1167
: Ang Ang Angy Ang Any
Plagioclase............... { fhps o o o Ans
Quartz.............ovvuifi e, B B Y
Clinopyroxene............ 203 |......... 12.4 1.0 31.5
Hornblende. ............. . 2.7 22.7 (...t 4.8 21.8
iotite. . ................ 4.6 I 2 N I .8
Garnet.................. /% 2 PR 4.2 I B
Accessories. ..... 6.1 [......... 3.7 .5 2.0
Magnetite D D4 D+ D4
Apatite. .. e X X el X X
Chlorite............. X X D G I
Texture. ................ Gr G G G G

1 Little orthoclase present.
2 Trace orthoelase.
3 Chloritized.

749. 2,000 feet north of the letter “n” in “Cold Spring,” map of Dannemora
quadrangle.

776, 776A, and 776B. 1,500 feet south of the letter *“r” in *“Cold Spring,” map of
Dannemora quadrangle.

1167. 6,000 feet S. 45° W. from letter ““0” in ““Tolman Mountain,” map of Lyon
Mountain quadrangle.

METAGABBRO AND AMPHIBOLITE

~ Gabbroic bodies, now metamorphosed to amphi-
bolites, are widely scattered throughout Clinton
County. Generally, however, it is impossible to dis-
tinguish between the amphibolites of ignecus origin
and the amphibolites of the Grenville series. An
igneous origin may be definitely assigned to certain
very thick layers of amphibolites with relict ophitic
textures in the centers of the masses. Two such
amphibolite masses may be seen in the Lyon Moun-
tain quadrangle: one just north of the main high-
way to the west of Clayburg, the other about a mile
south of Russia Station. The amphibolites of the
Grenville series were originally impure calcareous
beds. They are analogous to the plagioclase pyrox-
ene gneigses, with hornblende substituting for clino-
pyroxene. :

Megascopically, the amphibolites are dark-colored
medium-grained usually well-foliated rocks. Miecro-
scope examination shows the dominant minerals to
be hornblende (Z A ¢ = 23°. Pleochroism: X, brown-
ish yellow; Y, olive green; Z bluish green) and calcic
plagioclase. Some types carry garnet as well as
monoclinic and orthorhombic pyroxene. Biotite
facies (in which biotite has replaced hornblende)
and hypersthene facies (in which the hypersthene
is pink to colorless in thin section) also are comman.

Table 6 includes rocks of both igneous and sedi-
mentary origin; but, as previously mentioned, the
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two types are difficult to distinguish. The composi-
tion of the hypersthene amphibolites is shown in
table 7. Garnet is a common constituent of this
group, but the grains are too large to be included
in the area of an ordinary thin section. Hornblende
is later than hypersthene and has replaced it. The
establishment of a separate table for the hypers-
thene amphibolites has no genetic significance; the
separation is only one of convenience for mineral-
ogical deseription.

GEOLOGY OF CLINTON COUNTY MAGNETITE DISTRICT, NEW YORK

OLDER GRANITIC ROCKS

HAWKEYE GRANITE GNEISS

The Hawkeye granite gneiss usually has a pro-
nounced phacoidal texture. This rock was named
Hawkeye granite by Miller (1926, p. 24) when he
mapped it in the Lyon Mountain quadrangle. Miller
described the Hawkeye granite as a facies of his
Lyon Mountain granite, but it is now considered to
be an older, separate unit. The only exposure mapped

TABLE 6.—Modal composition of 12 samples of metagabbro and amphibolitel

[D, dominant; X, present; Gn, gneissic, G, xenomorphic-granular; Gr, granular; Op, ophitic]

2371

Magnetite
Apatite...
Accessories. . .

Sphene... . ..., .
Chlorite

Texture

1 Undifferentiated as to original material. 2 Granitized.

260B. 300 feet, S. 80° W. from the letter “‘S” in ‘““State Penitentiary,” map of Dannemora quadrangle.

278. At B.M. 1124 on Main highway 1.5 miles northeast of Redford.

307. 4,500 feet 8. 60° E. from letter “k” in ‘“Bullis Creek,” map of Mooers quadrangle.

[Ith

363. 500 feet south of the letter ‘i
371. Northwest bank of Saranac River 3,000 feet south of the letter ““g"” in “High
375. East bank of the Saranac River, 1,500 feet, 8. 65° W. from the letter “M" in

468. 300 feet N, 30° E. from the letter “w"”

in “Russia Mountain,” map of Dannemora quadrangle.

Falls,” map of Lyon Mountain quadrangle.
“Russia Mountain,”” map of Lyon Mountain quadrangle.

in “Riverview,” map of Lyon Mountain quadrangle.

509B. Johnson Mountain, 3,000 feet, 8. 45° E, from the letter “k’’ in “Mountain Brook,” map of Lyon Mountain quadrangle.
604. 2,500 feet S. 80° E. from the letter “L’” in *“Little Ausable River,”” map of Dannemora quadrangle.

=

714. 2,000 feet, N. 35° E. from the letter “r

in “Sugar Hill,” map of Dannemora quadrangle.

846. On road 5,000 feet S. 40° W. from Ledger Corners, map of Churubusco quadrangle.
1129, 3,200 feet N. 23° E. from the letter “G” in “Goodrich Mill,” map of Lyon Mountain quadrangle.

TABLE T7.—Modal composition of 9 samples of hypersthene amphibolite

[D, dominant; X, present; G, xenomorphic-granular; Gr, granular]

1431C 443 705 805 R137
. Ans Ang A Ang Any
Plagioclase. . .....oiiuiiiiiiiniiiiiiiiii i R 2.7 255.7 16.1 54.3
Quartz....... 5.7 feeevvnnnnn .
Hypersthene. . 14.8 5.8 .
L0 ey o3 e = - ¢ T O R O A Y P T T IR T, .9
Hornblende. .. Tr. 46.3 31.2 28.0 24.8
Biotite......... Tr. 4.4 [0 % T P
Magnetite...oovivune i iorinnnniseeeneiiecesnsnnafosecennans] AT Lo i e e
N 42 - T o 10 T T o P F e e T
Accessories. ........ 1.8 .7 5.0 1.2 10.6
Magnetite. . D D D D D
ircon......... D O N X X X
Apatite. ....... X X X X X
£ e T Y- O L O DO O
B S < N Gr G G Gr G

t Trace orthoclase.
2 Includes 3.1 percent orthoclase.

346. On road 500 feet north of letter “C’ in *“Clark Hill,” map of Lyon Mountain

quadrangle.

347. 500 feet S. 80° E. from the letter ‘s’ in “Corners Brook,” map of Lyon Mountain quadrangle.
349. 4,500 feet S. 50° E. from the letter “C” in “Clark Hill,” map of Lyon Mountain quadrangle.

[o=h

384. 9,000 feet N. 55° E. from the letter “r

in “Ore Pond,” map of Lyon Mountain quadrangle.

431C. 3,500 feet S. 75° W. from the letter “B’” in “True Brook,” map of Lyon Mountain quadrangle.

443. Just north of main highway 0.3 mile southwest from the King School, map of

Churubusco quadrangle

705. 1,500 feet S. 35° E. from the letter “‘r’ in “Sugar Hill,” map of Dannemora quadrangle.
805. On main highway 0.5 mile from the King School, map of Churubusco quadrangle.

R137. Hilltop 2,500 feet west of Gregory School, map of Churubusco quadrangle.
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outside the Lyon Mountain quadrangle is on Ellen-
burg Mountain in the Churubusco quadrangle.

The fresh rock is pink and usually has a coarse
texture. One outerop in the southwest corner of the
Lyon Mountain quadrangle is green. The quartz
and potash feldspar in the rock have an elongated
tabular habit that determines the foliation and the
phacoidal texture. The Hawkeye granite gneiss is
very low in mafic minerals but it includes a little
monoclinic pyroxene, hornblende, or biotite. The
ferromagnesian minerals are mostly chloritized and
the feldspars are sericitized. Some of the rock has a
little microantiperthite. Table 8 gives the composi-
tional range of the group.

QUARTZ SYENITE GNEISS

The largest body of quartz syenite gneiss in
Clinton County is in the Lyon Mountain quadrangle.
It extends northward-northwestward from Union
Falls to a point a little east of Goldsmith, covering
an area approximately 2 miles wide by 5 miles long.
Two other smaller bodies were mapped in the
Ausable quadrangle north of the Ausable River.
The more important of the two bodies crops out
along the river road for a distance of about 2 miles,
starting at a point half a mile east of Ausable Forks.

TaBLE 8.—Modal compositionl of 5 specimens of Hawlkeye
(phacoidal) granite gneiss
[D, dominant; X, present}
335 430 430A 433 439
Mieroeline and microperthite. . I 7% 2 P P PN P T
Microperthite. . .....coviieif. .t o 57.5 57.5 ﬁS.O 011.0
NG |oeeeeeenefrenoennn nie N2

Plagioclase.................... { i9.2 29 3454 19.0 1.0
QuartZ. . ...ovven i 24.6 22.7 26.2 29.3 25.2
Clinopyroxene............o.vn L O < R S e P
Hornblende .. 1.2 31,2
Biotite. . ..
Garnet.
Aecessones

‘Magnetite

Zireon.........

Apatite

Sphene

Chlorite

Calcite

t The eoarse texture of these rocks makes determination of modal compositions
from ordinary thin sections very inaccurate. The compositions given therefore
should be considered only as indicative.

2 Sericitized.

3 Chloritized.

335. 2,500 feet N. 30° E. from the letter “k” in *“True Brook,” map of Lyon
Mountain quadrangle.

430, 430A. Hilltop 6 500 feet west of the letter “B” in “True Brook,” map of Lyon
Mountain quadra

433. 2,500 feet S. 10° E. from the letter “B’” in “True Brook,” map of Lyon
Mountain quadrangle.

439. 10,000 feet north of Main highway, 1 mile west of Ledger Corners, Churu-
buseo quadrangle.

The fresh quartz syenite gneiss is a medium-
grained rock that ranges from dark green to green-
ish gray. Weathering changes the color to a medium

brown. Many weathered outcrops of the rock have a

TABLE 9.—Modal composition of 12 samples of quartz syenite gneiss

[X, present; G, xenomorphic-granular]

From the Ausable quadrangle

From the Lyon Mountain quadrangle

842B 1039 1115

Microperthite.............00.. .00
Microperthite and Mmroantlpert.hxte

Plagioclase........covuu. [

Orthopyroxene.............c.co...
Clinopyroxene......ooovevvvensenns
Hornl nde .......................

Fluorite, ..............oovutn

1 Amphibolite zone in quartz syenite.

2 Contaminated phase (adjacent to 950).
8 Trace mieroantiperthite.

4 Altered.

841. On river road 1.9 miles west of Ausable Forks, Ausable quadrangle.

841A. Same as 841.

842. Quarry on river road 1.5 miles west of Ausable Forks, Ausable quadrangle.
842A., Bame as 842. ,
842B. Same as 842,

950. On river road 1.7 miles west of Ausable Forks, Ausable quadrangle.

950A. Same as 950,

1039. On Main highway 0.7 mile east of French Road, Lyon Mountain quadrangle.

1070. Hilltop, N. 60° E., 1.8 miles from Duncan Mountain (alt. 2,728), Lyon Mountain quadrangle.

1099. Hilltop, S. 60° E., 0.35 mile from end of French Road, Lyon Mountain quadrangle.

1115. Summit of peak (alt. 2,612) between Duncan Mountain and Alder Brook Mountains, Lyon Mountain quadrangle,
D76. Hilltop, N. 25° E,, 1.3 miles from Duncan Mountain (alt. 2,728), Lyon Mountain quadrangle.
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chalk-white outer surface. In hand specimens horn-
blende when present is easily discernible.

Under the microscope the quartz syenite gneisses
are seen to have a xenomorphic-granular texture. In
most of them the quartz content is too high for
strict classification as quartz syenite; they are ac-
tually granites. The common ferromagnesian min-
eral is hornblende (Z N\ ¢ = 20° -24°;2V = 60° —
70°. Optically negative. Pleochroism: X, yellow
brown; Y, brown; Z, brownish green).

Table 9 gives the modal compositions of this
group. Inspection of the table shows that the quartz
syenite gneisses can be divided into two types: the
type of the Ausable quadrangle and the type of the
Lyon Mountain quadrangle. :

The type of the Ausable quadrangle is anomalous
in that some of the rocks contain olivine as well as
considerable quantities of modal quartz. The olivine
is both fresh and altered to serpentine and idding-
site (?). Some of the rocks also have a little fluorite,
which occurs as discrete grains, but it also has em-
bayed magnetite and olivine. Buddington (1939, p.
126) has described this rock. Some of the quartz
appears to be late, as it cuts across minerals. Some
of the accessory magnetite also appears to have re-
placed the original minerals. The nonperthitic plagio-
clase content of these rocks is usually very low. Some
of the specimens examined contain microantiperthite.

Large quantities of fluorite are associated with
the iron ore of the Palmer Hill mines, which lie 1.5
miles north of the quartz syenite gneiss. It is pos-
sible that some of the excess quartz, late magnetite,
and fluorite were introduced into the quartz syenite
gneiss by the mineralizing processes that operated at
Palmer Hill.

The quartz syenite gneiss of the Lyon Mountain
quadrangle is characterized by fair quantities of
nonperthitic plagioclase and by the absence of micro-
antiperthite. Olivine is absent, orthopyroxene is
rare, and clinopyroxene occurs sparingly in a few
specimens. .

The two types of gneiss also differ in the kind of
microperthite that represents the dominant potash
feldspar. In Alling’s terminology (1938) the Ausable
type has plume microperthite and the Lyon Moun-
tain type has rod perthite.

YOUNGER GRANITIC ROCKS (LYON MOUNTAIN
GRANITE GNEISS)

The dominant rock in the pre-Cambrian complex
of Clinton County is a pink, medium-grained, foli-
ated granite gneiss with microcline, microperthite,
plagioclase, and microantiperthite varieties. Locally
the color may be white, yellowish, or greenish. This
rock was called the Lyon Mountain granite by Miller

GEOLOGY OF CLINTON COUNTY MAGNETITE DISTRICT, NEW YORK

(1926, p. 27) and the “ore formation” granite by
Kemp and Alling (1925, p. 51). Miller’s designation
modified by the addition of the term ‘“gneiss” is
used in this report.

Examination under the microscope shows that
mineralogically the Lyon Mountain granite gneiss is
complex. It may be divided into four main units on
the basis of the dominant feldspar: microcline
granite gneiss, microperthite granite gneiss, plagio-
clase granite gneiss, and microantiperthite granite
gneiss. These units cannot be distinguished by eye
for practical field mapping. The four main units are
each further divided into two subunits on their con-
tent of ferromagnesian silicates or lack of them. In
the first subunit the common ferromagnesian min-
erals are clinopyroxene, hornblende, and biotite;
these minerals may occur in any of the main groups,

' singly or in various combinations. The second sub-

unit contains no ferromagnesian silicates and has
been called magnetite granite gneiss from its dom-
inant accessory mineral magnetite; the microcline
and microperthite types are similar to rocks called
alagkite by Buddington (1939, p. 137). The mag-
netite granite gneisses contain from 1 to 9 percent
magnetite, which forms small discrete and commonly
euhedral grains enclosed in the later minerals.

It is probable that the granite gneisses with high
percentages of ferromagnesian minerals are formed,
in part at least, by varying degrees of assimilation
or incorporation of metasediments. Locally the
gneisses contain so much pyroxene (30 percent or
more) that the term “contaminated granite gneiss”
or ‘“granitized skarn” is more descriptive than py-
roxene granite gneiss. The term “skarn migmatite”
is also appropriate if the pyroxene forms well-de-
fined layers in the gneiss. Many exposures of gneiss
show a marked increase in pyroxene content in zones
near contacts with skarn layers. Amphibolite layers
within the gneiss are common throughout the area.

In many places the quartz content of the gneisses
is so low that in strict classification the rocks should
be called quartz syenite gneisses, or even syenite
gneisses.

Two small exposures of sillimanite granite gneiss
were mapped. Both are in the Lyon Mountain quad-
rangle. The first is on the top of Second Mountain—
first mountain southeast of Parsons Knob—near the
81 mine. The rock at this locality is pink and fine-
grained and weathers to rusty brown. The other lo-
cality is in a zone of mixed rocks on the northeast
end of Duncan Mountain. The rock here is medium-
grained and has a pinkish color. At both localities
the sillimanite is in fine, white needlelike crystals.

Examination under the microscope shows that the
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sillimanite is associated with biotite. Table 10 shows
the modal composition of the rock.

TABLE 10.—Modal composition of a sample (D82)! of sil-
limanite granite gneiss

[X, present}

Microperthite ________ 286 | Garnet _—______________ 0.8
; Any | Sillimanite pe
Plagioclase .. __ 13.8 W e
Quartz - ________ 455 | Magnetite ____________ X
Biotite 10.8 | Zircon _______________ X

1 The granite crops out on the northeast end of Duncan Mountain, 2,400 feet
due north of the letter “k” in *“Casey Brook’’, map of Lyon Mountain quadrangle.
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MICROPERTHITE GRANITE GNEISS

Microperthite is a potash feldspar, microcline, that
has inclusions, often regularly arranged, of sodic
plagioclase. The inclusions occur as rods, blebs,
plumes, or patches. The microperthite granite gneiss
has much the same characteristics as the microcline
granite gneiss. Its main difference is in the propor-
tions of microcline and microperthite, microcline
being absent or occurring in lesser amounts than
microperthite. It is important to note that when

TaBLE 11.—Modal composition of 12 samples of microperthite granite gneiss with ferromagnesian silicates
[D, dominant; X, present; G, xenomorphic-granular; Gr, granular; C, cataclastic]

Microcline and Microperthite
Microperthite.....................
Plagioclase...........covuviiinu..

artZ. .......oiiiiiii e

linopyroxene.
Horneblende

20.
4
4
1
4

D
X
X
X

MR
QI Ot GO

'

t Average of 11 analyses.
2 Average of 7 analyses,

3 Little microantiperthite.
4 Myrmekite.

5 Chlotitized.
¢ Euhedral.

265. On main highway, 1,800 feet N. 50° W. from the letter “D"” in “Dannemora Mountain,” map of Dannemora quadrangle.
319. Dannemora Mountain, 2,500 feet 8. 30° E. from the letter “D” in *‘Dannemora Mountain,” map of Dannemora quadrangle.

372. Northwest bank of the Saranac River, 3,000 feet south of the letter “a”

in “High Falls,” map of Lyon Mountain quadrangie.

405. South end of Johnson Mountain, 3,500 feet N. 15 E. from the figure “9” in “B.M. 1489,” map of Lyon Mountain quadrangle.
497. On dirt road, 4,000 feet S. 85 W. from the letter “S” in “Salmond River,” map of Dannemora quadrangle.

636. Mount Etna, 2,000 feet S. 60 W. from the letter “M” in “Mount Etna,” map of Dannemora quadrangle.

658. 2,000 feet S. 40° W. from the letter “b” in ““Little Ausable River,” map of Dannemora quadrangle.

662. Top of mountain, 4,000 feet 8. 60° W. from the letter ““b” in “Little Ausable River,” map of Dannemora quadrangle.

678. Top of mountain, 6,000 feet S. 10° W. from the letter “k” in “Hogback,” map of Dannemora quadrangle.

804. Ellenburg Mountain, 5,000 feet N. 30° W. from the letter ““G’’ in “‘Great Chazy River,” map of Churubusco quadrangle.

TABLE 12.—Modal composition of 11 samples of magnetite microperthite granite gneiss

[G, xenomorphic-granular;

Gr, granular; X, present]

Microcline plus microperthite. .. ...
Microperthite. ... ...............

Plagioclase. .....................

1 Sericitized.

2 Euhedral.

293. Dannemora Mountain, 1,000 feet S. 60° E. from the letter *“t” in “Dannemora Mountain', map of Dannemora quadrangle.

299. Dannemora Mountain, 2,500 feet S. 50° W. from the letter “t” in “Dannemora Mountain’’, map of Dannemora quadrangle,

334. In bed of True Brook, 1,000 feet south of the letter ‘“o’’ in ‘“Moffitsville"’, map of Lyon Mountain quadrangle.

340A. On True Brook road 800 feet N. 40° W. from the letter “B’” in “True Brook", map of Lyon Mountain quadrangle.

341. On True Brook road 1,300 feet N. 50° W, from the letter “B’’ in ““True Brook”, map of Lyon Mountain quadrangle.

346A. On dirt road 500 feet N. 20° W, from the letter *“C” in “Clark Hill”, map of Lyon Mountain quadrangie.

507. Johnson Mountain, 1,500 feet N. 45° W, from the figure “4” in elevation ““2482", map of Lyon Mountain quadrangle.

605. 3,500 S. 80° E. from the letter “L’ in “Little Ausable River,” map of Dannemora quadrangle.

637. Mount Etna, 1,200 feet S. 45° W. from the letter “M” in “Mount Etna,” map of Dannemora quadrangle.

690. Southwest escarpment of Terry Mountain, 1,500 feet N. 70° E. from the letter “T" in “Terry Mountain,” map of Dannemora quadrangle.

R58. East peak of Slush Pond Mountain, Dannemora quadrangle.
948762—52—2
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microperthite and microcline occur together the
plagioclase content of the rock is higher than when
microcline is absent. The plagioclase ranges in com-
position from albite to oligoclase. Some of the mag-
netite is euhedral. The magnetite in the magnetite
subunit ranges from 0.3 percent to 7.5 percent. The
common pyroxene is a green hedenbergitic diopside
(Z N\ ¢ = 60°). A few specimens contained blue
arfvedsonite (X A ¢ = 11° — 14°) instead of the
common green hornblende. A few grains of pyroxene
enclose microperthite, but many grains enclose
rounded quartz blebs.

Minerals in the microcline granite gneiss and the
microperthite granite gneiss have the same para-
genetic sequence, which may be summed up as fol-
lows (the arrows indicate decreasing age) :

Apatite
Zircon
Magnetite
Sphene

—> pyroxene—> hornblende —

biotite—> plagioclase—
potash feldspar— quartz.

The following group of minerals is a late introduc-
tion in the above sequence and is probably related
to the magnetite mineralization (see p. 43).

Plagioclase— quartz—> magnetite—>

sphene—s biotite.
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MICROCLINE GRANITE GNEISS

The microcline granite gneiss is a pink, medium-
grained rock. The ferromagnesian variety usually
has a distinet foliation. The magnetite-bearing var-
fety in some places has a very indistinct foliation.
Common ferromagnesian minerals are green py-
roxene (hedenbergitic diopside), hornblende, and
biotite. The pyroxene is often chloritized. Plagioclase
is found in both varieties of the microcline granite
gheiss and is albitic in composition. The magnetite
content in the magnetite subunit of the granite
gneiss ranges from 1.2 percent to 8.3 percent. A
conitent greater than 8 percent of accessory mag-
netite may be due to addition of later secondary
magnetite. Euhedral magnetite is common. Some of
the early magnetite is rimmed by a late biotite.

In some of the rocks examined late sphene rims
the grains of magnetite. Also a little of the serici-
tized myrmekite is rimmed by later fresh plagio-
clase. Much of the microcline contains rounded in-
clusions of early quartz.

PLAGIOCLASE GRANITE GNEISS

Well-defined but thin belts of plagioclase granite
gneiss occur in the Dannemora, Lyon Mountain,
Churubusco, and Ausable quadrangles. Some speci-
mens of the rock are white to light gray, but the
common color is pink. The texture is medium to
coarse. The plagioclase granite gneisses have the
same range in ferromagnesian and magnetite con-

TABLE 18.—Modal composition of 10 samples of microline granite gneiss with ferromagnesion silicates

[D, dominant; X, present; G, xenomorphic-granular]

277

278B

Microeline......oovviiviiiiinn i
Plagioclase....ooveviieiv e i,
QUATEZ. . oot i i e .9 2
ClINOPYIOXENE. vt i taeiiinniee e 3
Hornblende. . ..
Biotite. .. ...
Accessories. .

Epidote. ..ol N
Caleite. ....oovven i, AN

140.7
21.5
37.8
6.6

Texture. «ovoveeiniiineninivenarsernnnnn

1 Little microperthite.
2 Myrmekite.

3 Chloritized.

4 Colorless mica.

s Eubedral.

264C. On main highway 1,000 feet N. 75° W. from the letter “D” in “Dannemora Mountain,” map of Dannemora quadrangle.
270C. On west bank of Saranac River 2,000 feet south of the letter ‘s’ in *“High Falls,” map of Lyon Mountain quadrangle.
277. Off main highway 4,000 feet southwest of the letter “H’’ in “High Falls,”” map of Lyon Mountain quadrangle.

278B. On main highway 5,500 feet southwest of the letter “H" in High Falls,” map of Lyon Mountain quadrangle.

319. 2,500 feet S. 35° E. from the letter “D’’ in “Dannemora Mountain,” map of Dannemora quadrangle,

457. 2,000 feet south of the letter “r” in “Ore Pond,"” map of Lyon Mountain quadrangle.

597. East side railroad tracks, 7,000 feet S. 35° W. from the letter “H” in “Harkness,” map of Dannemora quadrangle.

625. Hilltop 8,500 feet S. 70° W. from the letter “M” in “Mount Etna,” map of Dannemora quadrangle.

818. 2,500 feet N. 60° W. from the letter *“S” in “Spruce Hill,” map of Churubuseo quadrangle.

R40. 500 feet S. 60° E. from the letter “n” in “Mitchell Mountain,’’ map of Dannemora quadrangle.
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biotite, magnetite, apatite, calcite, and chlorite. No
new specimens of this rock were collected.

Table 20 shows modal compositions for the dike
rocks. Owing to alterations and the fine texture of
the diabase the compositions should be considered
only as indicative.

AGE RELATIONS OF THE DIKES

Relations of crosscutting among the foregoing
dikes were not observed within the area mapped.
But as the diabase dikes cut the Lyon Mountain
granite gneiss, dikes of the Lyon Mountain granite
gneiss are older. The presence of diabase pebbles in
the conglomerate of the Potsdam standstone (upper
Cambrian) established the pre-Potsdam age of the
diabase (Cushing 1898b, p. 242). Gallagher (1937,
p. 55) states that the diabase dikes are cut by the
melasyenite, and from a consideration of the litera-
ture he says that the diabase dikes are pre-Potsdam,
whereas the melasyenite dikes, which he correlates
with the bostonite of Kemp and Marsters (1893),
are post-Ordovican. But this correlation, Eakle
(1893, p. 33) has pointed out, may be in error, as
the bostonite of Kemp and Marsters has no ferro-
magnesian minerals. Cushing (1898b, pp. 242-247)
described ferromagnesian-bearing syenite-porphyry
dikes of pre-Potsdam age in Clinton and Franklin
Counties. Fragments of these dikes were found in
the Potsdam sandstone. Consequently Gallagher’s
melasyenite should possibly be correlated with Cush-
ing’s syenite porphyry, as it is evidently rich in
ferromagnesian minerals. If the presence or absence
of ferromagnesian minerals is a valid criterian for
correlation, the two syenite dikes reported here can
be assigned to the pre-Potsdam dikes of Cushing
(1898b).

Consideration of ‘the foregoing makes it evident
that two interpretations of the age relations of the
dikes are possible. The evidence is considered too
indecisive to make a perference. The following are
possible age sequences; the arrows indicate success-
ively younger rocks to the right:

pre-Potsdam
Lyon Mountain gran- ;diabase dikes
ite-gneiss dikes syenite dikes

or

pre-Potsdam
Lyon Mountain gran-

. . . —> diabase dikes —> syenite dikes
ite-gneiss dikes

or

' pre-Potsdam post-Ordovician
Lyon Mountain gran- %diabase dikes melasyenite
ite-gneiss dikes syenite dikes dikes

SEDIMENTARY ROCKS
PALEOZOIC ROCKS

Potsdam sandstone—The Potsdam sandstone of
the Upper Cambrian age covers the northern two-
thirds of Churubusco quadrangle and occupies the
central portion of the Dannemora guadrangle. The
basal part of the formation is conglomeratic, with
pebbles an inch or more in diameter. Much of the
conglomerate is arkosic. The conglomerate is white
or red. The sandstone ranges from fine- to coarse-
grained. The color is white, pink, red, green, and
brown.

The bedding of the Potsdam sandstone is hori-
zontal to subhorizontal. Cross bedding and ripple
marks are common. The thickness of the sandstone
is unknown, but consideration of the topographic
range of outcrops in the Churubusco quadrangle
would indicate a minimum thickness of 550 feet. A
well log given by Cushing (1901, p. 69) for a hole
drilled at Morrisonville, Dannemora quadrangle,
showed a thickness of 775 feet. The drilling was
stopped within the sandstone and did not penetrate
the arkosic beds at the base of the formation.

Passage beds of Cushing.—The Potsdam sand-
stone is separated from the Beekmantown dolomite
by 50 feet of passage beds. No outerop of the pas-
sage beds was observed in the field, but Cushing
(1901) reported their presence in the drill hole at
Morrisonville. The passage beds, which are com-
posed of alternate layers of sandstone and dolomite,
according to Cushing, usually have been classed
with the Potsdam.

Beekmantown dolomite—~Good exposure of the
Beekmantown dolomite of Lower Ordovician age are
rarely encountered and are usually seen only in the
beds of the larger streams. Within the area mapped
the dolomite is on the extreme eastern side of the
Dannemora quadrangle. From here it extends east-
ward into the Plattsburg quadrangle. Good outcrops
may be observed in the town of Peru and along the
Saranac River near the border of the quadrangle.
A drill hole at Morrisville showed 500 feet of dolo-
mite (Cushing, 1901).

The rock is very fine grained, and in color is gray.
Thin sections show a trace of quartz; otherwise the
rock is composed of rhombic dolomite and interstitial
calcite. The material is weakly effervescent with
dilute hydrochloric acid.

As previously mentioned, Cushing (1901, p. 69)
has published a log of an oil well (dry) drilled at
Morrisonville late in the past century. This log is
of sufficient interest to be added here:



24

Log of Morrisonville well, Plattsburg Township

Feet
Pleistocene. Glacial deposits _— - 20
Calciferous. [Beekmantown] Dolomite __.__________ 50042
Passage beds. Alternating layers of dolomite and
sandstone 50

Potsdam. Mostly a hard, quartzose white sandstone

except for a considerable thickness of red beds,

penetrated between 800 and 900 feet. (The well

was still in Potsdam sandstone, with no sign at this

depth of the arkose beds which always come in as

the base of the formation is approached.) _.___.___ T75+2

The Paleozoic rocks originally covered a much
larger area. Cushing (1900) refers to an old lime-
kiln on the road from Alderbrook post office to the
north branch of the Saranac River that operated on
calciferous boulders which he supposed represented
the remains of an outlier of limestone. During the
present mapping some large, rectangular, close-
fitting blocks of Potsdam sandstone were observed
on the extreme northwestern end of Johnson Moun-
tain. It is possible that these two occurrences are
part of the formerly more extensive cover.

GLACIAL DEPOSITS

Moraines.—Unsorted, heterogeneous moraine de-
posits are common in the region investigated. Very
typical moraine boulder gravels may be seen on the
main road leading south from Dannemora. The ma-
terial includes grade sizes from sand to large
boulders. All rock types from the pre-Cambrian to
the Paleozoic may be observed.

The thickness of the glacial debris is quite vari-
able; it may be only a few feet thick, or it may
attain thicknesses of a hundred feet or more. This
variability in thickness can cause considerable diffi-
culty and delay in diamond drilling, and the irregu-
larity of variation makes it difficult to predict before
the drilling starts what conditions will be encoun-
tered.

Eskers—A typical esker may be seen southwest
of Dannemora, near the western border of the Dan-
nemora quadrangle. This esker, which has a height
of some 20 feet, may be traced for about 114 miles.
The only other esker seen lies in the Churubusco
quadrangle, just south of Ellenburg Depot. It is
about a mile long and attains a maximum height of
about 80 feet. Both eskers are composed chiefly of
sand.

Kames—Miller (1926) has called attention to a
belt of kames, associated with depressions, that ex-
tends in a northeasterly direction from a point near
Goldsmith to Hammond School in the Lyon Moun-
tain quadrangle. Similar kames may also be seen east
and north of Clayburg. The kames are composed of
sands and gravels.
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FLUVIAL DEPOSITS

Two well-developed river terraces composed of
bedded sands are particularly noteworthy. One of
the terraces is in the Lyon Mountain quadrangle, at
Moffitsville at the junction of the Saranac River and
True Brook; the other is in the Dannemora quad-
rangle near Peasleeville on the Salmon River. The
top of the terrace at Moffitsville lies slightly above
the 1,000-foot contour. The top of the terrace near
Peasleeville is about at the 900-foot contour.

Excavation in 1947 for a new power dam near
Moffitsville exposed bedded pink and white river
gravels that in places attain a thickness of more
than 100 feet. These gravels probably represent the
old channel of the Saranac River.

A prominent lake terrace may be observed around
the upper end of Chazy Lake in the Churubusco
quadrangle.

DIRECTION OF ICE MOVEMENT

In the Churubusco and Dannemora quadrangle the
direction of movement of the glacial ice is readily in-
ferred from glacial striae, chatter marks, and cres-
centic gouges on the flat bedding surfaces of the
Potsdam sandstone. Movement in the Churubusco
quadrangle was dominantly between S. 15° W. and .
S. 40° W.; locally it was north or S. 60° W. In the
Dannemora quadrangle movement- was S. 40° W,,
though south of Danemora Mountain motion was
S. 15° E.

Miller (1926, p. 71) says that in the Lyon Moun-
tain quadrangle glacial striae vary from S. 30° W.
to S. 85° W. In the northwestern part of the quad-
rangle movement was S. 30° W. to S. 40° W. Along
the Saranac Valley the ice moved toward the west-
southwest. .

Kemp and Alling (1925, p. 73) say that the glacial
striae in the Ausable quadrangle mainly indicate a
movement of the ice from S. 40° W. to S. 60° W.
At Clintonville, however, the movement was south-
ward.

STRUCTURE

The structure of the pre-Cambrian rocks of the
area is extremely complex. Contacts concealed by
glacial overburden, the Paleozoic rocks and vegeta-
tion make it difficult to give a complete generaliza-
tion of the regional structure. All the rocks, except
the late dikes, show foliation, and some have well-
developed mineral lineation. With the exception of
the dike rocks, the folia of adjacent dissimilar rocks
are always parallel. Foliation is most clearly defined
in those rocks that have dark minerals.

In general, the regional strike of the foliation in
Clinton County lies between north and N. 80° E.





















ANTICLINAL STRUCTURES

foliation, and the lineation that has a plunge parallel
to the dip of the foliation plane.

Lineations that trend nearly parallel to the strike
of the foliation are interpreted as being closely
parallel to the fold axes of the region. This relation-
ship has been demonstrated in the underground
working at the Chateaugay mine, and by diamond-
drilling exploration on the 81 syncline. In the Chat-
eaugay mine the linear structures are parallel to the
plunge of the ore shoots; the ore shoots, in turn, are
almost parallel to the axes of the containing syn-
clines. Diamond drilling on the 81 syncline indicates
that the trend and plunge of its axis is very close
to the trend and plunge of the mineral lineation on
the wall rock in the old mine. '

Horizontal lineation in horizontal rocks has a
trend parallel to nearby plunging folds. The hori-
zontal lineation exposed in the road cut on the south
side of Dannemora Mountain trends nearly parallel
to the axis of the gently plunging syncline that con-
tains the Ellis ore body. This area showing horizontal
lineation is probably a transitional zone connecting
the gently southwestward plunging folds of the
‘Ellis ore body with the northward-plunging, more
intensely deformed Russia Station syncline.

Two types of linear structure that plunge parallel
to the dip of the enclosing foliation plane have been
observed. One type occurs on the flank of a fold;
.the other on the nose of a fold.

An interesting example of a down-dip lineation on
the flank of a fold is shown in the outcrops of the
rocks of the Russia Station syncline on Johnson
Mountain. The syncline has been interpreted as a
structure sharply overturned to the west. In intense
deformation of this kind it is probable that the linea-
tion is developed parallel to the direction of shear
between the foliation planes.

The second type of down-dip mineral lineation is
on the south and west side of Duncan Mountain in
the Lyon Mountain quadrangle. The Duncan Moun-
tain syncline, though overturned, has not been over-
turned to the extent of the Russia Station syncline.
The plunging heel of the Duncan Mountain syncline,
which is exposed to direct observation, shows a well-
developed mineral lineation plunging nearly parallel
to the dip of the enclosing foliation. This lineation
is apparently parallel to the fold axis of the main
structure. The eastern limb of the syncline has
normal lineation trending close to the strike of the
foliation; the trends of the two types of lineation
are closely parallel.

Linear elements that trend closely parallel to the
strike of the foliation plane, horizontal lineation
that lies in a horizontal foliation plane, and lineation
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on the heel or nose of a fold that plunges parallel
to the dip of the foliation are given similar inter-
pretations. These lineations are parallel to the axes
of the major regional folds. They are parallel to the
axis of rotation, or b axis, of the tectonic fabric.
Lineation of this type is at right angles to the
direction of shear between the foliation planes.

The lineation found on the flank of a fold and
plunging parallel to the dip of the foliation is inter-
preted as being at right angles to the major axis
of folding and parallel to the direction of shear
between the foliation planes. Such a lineation is
parallel to the axis of transport, or a axis, of the
tectonic fabrjc. It is characteristic of extreme de
formation and is not to be confused with the fore
going types of lineation. It should be emphasizea
that in Clinton County this type of lineation has
been observed only on Johnson Mountain. Its geo-
metric orientation is based on the assumption that
the major structure with which it is associated is
a sharply overturned syncline. Some writers have
also suggested that this type of lineation is the
result of secondary movements at right angles to
the lineation. ‘

Anderson (1948) in a recent paper has presented
the opinion that the direction of shear and lineation
are always parallel. It is considered here that linea
tion both parallel to and at right angles to the
direction of shear exists in the Adirondacks. Bud-
dington (1939, pp. 308-310) has discussed the rela-
tion of lineation to folding in other parts of the
Adirondacks; the relations are very similar to those
in Clinton County.

The commonest type of lineation encountered is
the type that is parallel to the regional fold areas.

TYPE OF DEFORMATION

Previous views.— Several interpretations have
been advanced to explain the origin of the structure
of pre-Cambrian rocks in the Adirondacks. Many
workers in the field have advanced the idea that
the structure of the granitic rocks is due to the
control of intruding magmas by the structures of
the preexisting Grenville series. This may be true
in part for other areas but it does not seem to be
a valid explanation for the structure of Clinton
County, as the volume of Grenville rocks exposed
compared to the volume of granitic rock is negligible.
Thus it is hard to visualize how such a small quan-
tity of Grenville rocks could control the entry of
such large volumes of granitic rock. It would be
difficult to advance the idea that the volume of the
Grenville series was reduced during intrusion by
magmatic assimilation, as large-scale assimilation
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would have produced a greater quantity of hybrid
types of igneous rocks than are extant in the area.

If the present structure of the area was controlled
by the structure of the Grenville series, the theory
of regional granitization would be more applicable, in
fact the relative volumes of granitic rocks and meta-
sediments might be taken to support this view. Re-
placement of the Grenville rocks by granitizing sub-
stances would preserve the original structure. Re-
placement of earlier structures has been demon-
strated for other areas, but such an interpretation
probably should not be applied to the Adirondacks
until more evidence is available than is now at hand.
Previous discussion has attempted to show that the
greater part of the granite rocks of Clinton County
are of magmatic origin.

Many writers have also expressed the opinion that
the structure of the granites is the product of pri-
mary magmatic flow. Primary magmatic flow struc-
tures are relatively simple patterns (Balk, 1937). It
is therefore difficult to conceive of magmas flowing
in structural patterns as complex as those seen in
Clinton County. If the structure was produced by pri-
mary flow, it would be expected that the foliation of
igneous rocks of different ages would not be parallel
as they are, but that successively younger rocks
would have foliations parallel to their contact zones.
This is based on the assumption that the successive
intrusions during pre-Cambrian time were not con-
formable.

Miller (1916) wrote a lengthy paper to substan-
tiate his view that the structure of the granite
gneisses was caused by magmatic flowage under
mild external compression. He restated this view in
1926 in his work on the Lyon Mountain quadrangle.
More recently both Gallagher (1987, p. 58) and All-
ing (1939, p. 145) have advanced the opinion that
the structure in the granite gneisses is due to pri-
mary magmatic flow and not to regional stress. The
principal evidence advanced to support this inter-
pretation is the existence of “miarolitic cavities,”—
a better term would be drusy vugs (Pecora and
Fisher, 1946, p. 384)—ranging in size from a few
inches to several feet, in the younger granite gneiss
of the Chateaugay mine at Lyon Mountain; it is
maintained that such cavities could not have remain-
ed open during the operation of postconsolidation
stresses. Mining operations since the publication of
the foregoing papers have revealed that diabase
dikes form one side of several “miarolitic cavities,”
thus indicating that the vugs are not truly miaro-
lites but are younger than the diabase intrusion,
otherwise the diabase would have flowed into and
filled the cavities. Zimmer (1947b, p. 658) mentioned
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five cavities which have diabase for one wall. Gal-
lagher (1937, p. 55) states very definitely and cor-
rectly, that the diabase dikes cut all other rocks and
structural features and therefore are younger than
the deformation of the granite rocks.

The common phenomenon that the foliation planeg
between folds in the younger granite gneiss change
direction of dip through the vertical instead of the
horizontal has been interpreted by Buddington
(1939, p. 324) as the result of magmatic flow. Prob-
ably a better interpretation is that it is the result of
differential yield while the rock mass was reacting
plastically to the regional stresses.

Another argument makes it difficult to explain the
Clinton County structure as a product of primary
magmatic flow. The commonest type of lineation in
the pre-Cambrian rocks of Clinton County is parallel
to the fold axis, the b axis of the tectonic fabric
This is the type of lineation common to deformed
rocks. In primary magmatic flow the principal linea-
tion is parallel to the a fabric axis, except possibly
where it results from the type of flowage present in
phacolithic structures. The single example of linea-
tion parallel to the a axis that exist in Clinton Coun-
ty (on Johnson Mountain) can be explained as the
result of extreme deformation. These criteria have
been discussed by Turner (1948, pp. 181-182). The
general lineation of the region, therefore, is more
characteristic of secondary deformation than of pri-
mary magmatic flow.

Present interpretation.—Buddington (1937, p. 51)
was of the opinion that the structure of the Santa
Clara quadrangle resulted from plastic yield and flow
of solid rocks during a period of regional stress.
Plastic deformation is controlled by the mechanical
factors of crystal gliding, rotation, and crushing.
Physicochemical factors that operate in plastic de-
formation includes recrystallization, differential
mineral solubilities under different conditions of
temperature and pressure, ionic interdiffusion, and
the action of permeating gases and fluids.

Evidence is presented which indicates that the
structural pattern of Clinton County probably re-
sulted from similar conditions.

Regional foliation.—Rocks of all ages in Clinton
County from the Grenville series to the Lyon Moun-
tain granite gneiss show parallel arrangement of
their foliation planes. Contact areas between gran-
itic rocks of different ages or between granitic rocks
and metasediments are always parallel regardless of
the complexity of the local structure. This structural
parallelism is evident in several areas, as at Duncan
Mountain where the structure involves granite
gneisses of different ages, or in the area west of
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Mofhitsville where granite gneiss and the Grenville
series are involved. The structural parallelism of
metasediments and igneous rocks of different ages
is taken to indicate that all the rocks were deformed
plastically at the same time. This last stage of de-
formation probably reoriented and changed former
structures formed by primary magmatic flow or earl-
ier periods of deformation. It is highly probable,
however, that earlier structures acted as guide
planes, or control planes, during the last period of
plastic deformation.

Regional lineation.—Contact areas of rocks of dif-
ferent ages also show parallel lineation. The linea-
tion in the Liyon Mountain granite gneiss and in the
Hawkeye granite gneiss is parallel in the Lyon
Mountain area. This is again interpreted as indi-
cating that all the regional lineation was formed
during the same period of plastic deformation.

The Hawkeye granite gneiss shows weak foliation
and strong lineation in regions near the crests of
anticlinal structures. Buddington (1939, p. 310) has
expressed the opinion that this phenomenon is con-
sistent with a combination of flexure folding and
plastic flow since shear between foliation planes is at
a minimum in the crest of an anticline.

Mineralogical and textural evidence—The quartz
in the Hawkeye granite gneiss is characterized by its
coarse, elongated, ribbonlike habit. On a smaller
scale, some of the quartz grains in the alaskitic
phase of the Liyon Mountain granite gneiss also show
a tendency to elongation. Elongation of quartz
grains in this fashion is not typical of the texture of
granites that have resulted from direct magmatic
crystallization. The habit is therefore interpreted as
indicating recrystallization during regional deforma-
tion.

It is also interesting to note that in the Duncan
Mountain area the pegmatites show a linear stretch-
ing parallel to the mineral lineation of the enclosing
gneiss (fig, 13). The parallelism of these linear ele-
ments probably results from plastic deformation.

The subdivisions of the Lyon Mountain granite
gneiss are involved in the regional deformation. Ad-
ditional evidence of recrystallization is given by the
microperthite granite gneiss. Buddington (1939, p.
331) has described the breakdown of microperthite
on recrystallization to microcline and plagioclase.
Though it is not impossible, perhaps, that this re-
crystallization could be induced by static pressure,
such an explanation is thought to be improbable, as
static pressure would not produce the present re-
gional structure. Inspection of the modal composi-
tion tables of the microperthite granite gneiss shows
that in general the microperthite granite gneiss with
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both microperthite and microcline contain more
plagioclase than the microperthite granite gneiss
that contain no microcline. The higher content of
plagioclase in the group with both microperthite and
microcline is interpreted to indicate that recrystal-
lization occurred during a period of plastic deforma-
tion after consolidation of the microperthite magma.
That the greater part of the microperthite granite
gneiss has been subjected to recrystallization is indi-
cated by the fact that the microperthite granite
gneisses containing microcline are much commoner
than those lacking microcline.

Microstructures. — Buddington (1939, pp. 301,
331) has described microstructures that he considers
indicative of recrystallization during plastic defor-
mation. The granoblastic textures described and
figured by him are very similar to textures here
designated by the nongenetic term xenomorphic-
granular. The Clinton County granitic rocks also fre-
quently exhibit granular, cataclastic, mortar, and
mylonitic textures. Cataclastic textures are particu-
larly common in ore zones that are associated with
folded structures. All these textures are considered
by Buddington to indicate recrystallization during
regional plastic deformation. It is doubtful that any
of the cataclastic structures described here for the
Lyon Mountain granite gneiss are of protoclastic
origin—granulation of early crystallized minerals
caused by flowage of the still fluid portion of the
magma-—as nearly all the rocks of the area have
them.

Conclusion. — The evidence presented makes it
seem improbable that the greater part of the strue-
ture of Clinton County resulted from the control of
intruding magmas by the structure of the Grenville
geries, from primary flow, or from large-scale re-
gional granitization. The parallelism of planar struc-
tures, and parallelism of linear elements for all the
rocks of the region, and the predominance of micro-
structures that are characteristic of crushing and re-
crystallization are interpreted as indicating a yield-
ing plastically of the rocks of the area to regional
stresses while in a solid state. It is quite possible,
however, that structures due to earlier deformation
or magmatic flow acted as control planes for the
final plastic deformation.

TIME AND DIRECTION OF STRESS ACTION

Major overturning of folded structures occurs to
the west and northwest. This would indicate that the
stress operating on the area came from the east and
southeast. The strongest overturning observed in
the district is on the east and southeast side of the
Hawkeye granite gneiss mass at Averill Peak and
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Lyon Mountain, This is suggestive that the Hawk-
eye may have stood as a relatively rigid mass during
deformation. ' '

The folded structures of the region involve the
youngest pre-Cambrian rocks in the area, which be-
long to the Lyon Mountain granite gneiss. It is
therefore evident that the last period of orogenic
stress occurred during or after the intrusion of the
magma that produced the Lyon Mountain granite
gneiss.

RELATION OF MAGNETITE DEPOSITS TO FOLDS AND
LINEATION

Several of the ore bodies in Clinton County are in
synclines. The structure of some of the ore bodies
has been clearly revealed by mining operations. The
Chateaugay, 81, Palmer Hill, and Ellis ore bodies are
known to occur in synclines. The Russia Station ore
bodies are inferred to be in a synclinal structure. In-
formation on most of the other ore bodies in the
district is to sketchy to permit definite statements
concerning the structural relations.

"~ In none of the ore-bearing synclines is the ore
evenly distributed throughout the structure; it is
usually confined to one limb of the fold, as in the
Chateaugay mine. In the 81 mine the ore is confined
to the northwest limb and the keel of the syncline.
The southeast limb is magnetite-bearing for a con-
siderable distance, but nowhere does the magnetite
attain sufficient concentration to make ore. At Pal-
mer Hill the line of the old workings indicates that

ore follows the southeast limb and goes part way

around the heel of the syncline before it dies out.
The Ellis ore body is on the southeast limb of a
small syncline. The most northerly of the old pits
and the magnetic anomaly show that the ore fol-
lows around the heel of the syncline and then dis-
appears. It is not possible to make a positive state-
ment concerning the relation of the Russia Station
ore bodies to the Russia Station syncline, as the
southern end of the structure is covered with glacial
drift. '
~ Anticlinal ore-bearing structures of large size
have not been proved in the district. Anticlinal and
dome-shaped rolls found in the Chateaugay mine are
of minor importance compared with the major ore
zone. Magnetite at the Lynch prospect may lie on
the flank of an anticline, as inferred from outcrops
in the vicinity of the prospect. The Hogback mine
may be located on the flank of a dome, but such an
interpretation is complicated by a reversal in the
direction of dip underground.

No reasonable hypothesis has been found to ex-
plain why several of the major magnetite deposits
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of the district are in synclines rather than in anti-
clines. The ore is not confined to a limb common to
an anticline_and a syncline; in one place ore can be
followed into the keel of the syncline, and in other
places it can be traced around the heels of plunging
synclines.

It is also somewhat difficult to explain why ore
concentration is confined to one limb of a syncline.
A possible explanation may be that during deforma-
tion the limbs of the synclines sheared differentially;
that is, shearing was more intense on one limb than
on the other. The more intensely sheared limb would
then be more permeable to the mineralizing agents.
The evidence for this belief is not positive. The ore-
bearing limb at the 81 mine is the limb that shows
reversal of dip; this might be expected to be accom-
panied by a greater amount of shear. The Russia
Station syncline was overturned to the point where
some overthrusting developed; it is to be expected
that shearing would be intense under such condi-
tions. However, surface exposures at the Palmer Hill
mines indicate that the barren limb of the syncline
has the steeper dip, and it would be reasonable to
suppose that the more steeply dipping limb would
have been subjected to the greater shearing stress.

Some of the magnetite bodies, as has been demon-
strated at the Chateaugay and 81 mines, have a
pencillike form. These bodies lie parallel to the folia-
tion of the enclosing rocks, which are synclinally
folded, and they plunge parallel to the axes of the
folds and to the mineral lineation of the surrounding
rocks. The ore shoots are not separated or isolated
from each other. They are connected along the folia-
tion either by thin, noneconomic stringers of rich
magnetite or by relatively thick zones of weakly
disseminated, noneconomic magnetite.

The Palmer Hill and Arnold mines are described in
the literature as having similar ore shoots. Two dia-
mond-drill holes put down adjacent to the Bowen-
Signor mine by the United States Bureau of Mines
did not intersect ore. This may indicate that ore at
this locality also occurs in pencillike shoots; that is,
the holes may have passed between the ore shoots.

Shoots were probably localized by replacement’
along lines of weakness or they formed parallel to
the b fabric axis during the original deformation of
the host rock.

In summary, several important magnetite deposits
in Clinton County occur in synclines. Some of the
magnetite is in pencillike shoots within the foliation
of the syncline; the shoots plunge with the syncline
and parallel to the mineral lineation of the host rock.
The existence of true tabular ore bodies has not
been demonstrated in the region.



























ORIGIN OF MAGNETITE ORES

TABLE 28.—Universal-stage determinations of optical con-
stants from crushed and_separated material (sample
TrM-2) submitted for chemical analysis

[Determined by Dr. Dorothy Wyckoff, Department of Geology,
Bryn Mawr College]

12V Range 22V Z et
64° 51°-82° 52°

Range ZAe3
46°-58°

1 Average of nine determinations.
2 44° correction for dispersion.
3 42° correction for dispersion.

The indices of refraction of sample TrM-2 were
determined by Dr. H. H. Hess (1949) of Princeton
University with the following results:

a = 1.6977
B = 1.7055 } == 0.001
v = 1.7240

Birefringence — 0.0263 =+ 0.0003
Recasting the chemical analysis in terms of stan-
dard pyroxene molecules gives the following results:

Diopside . _______ 58.30 | FegOg - vom o 0.12
Hedenbergite ___._____ 26.60 | Si0p 24
Acemite __.___________ 954 | AlLOy 1.12

4.11 100.03

Enstatite _______._____
OTHER NONOPAQUE MINERALS

Gangue minerals, ap$ﬁ from those already des-
cribed, vary from one deposit to another. At any
locality the host rock is ‘the determining factor. The
common gangue minerhls are quartz, plagioclase,
microcline, and microperthite. The grain size of these
minerals is such that ordinary grinding and mag-
netic separation should produce a clean magnetite
concentrate. i ‘

ORIGIN OF MAGNETITE ORES

In the past many theories have been advanced to
account for the origin of the Adirondack magnetite
ores. Most of the older jgeologists believed that the
ore was of sedimentary origin. In fact, as late as
1922 Nason (1922a) Wé,s still inclined to place em-
phasis on this theory. |

Tn 1898 Kemp suggested that the magnetite was
formed by solutions of igneous origin and that it was
the result of contact action and replacement; in
1910 he changed his opinion and interpreted the ore
as a basic segregation in the syenite—equivalent to
the Lyon Mountain gralﬁite gneiss.

Newland in 1908 suggested that solutions of an
igneous origin were responsible for the ores. It was
his opinion that the iron was derived from an acid
magma deficient in lime and magnesia, the excess
iron being concentrated by hot vapors and waters.

In 1928 Colony maintained an igneous origin for
the magnetite in southeastern New York. The
process he invoked called for the differentiation of

948752—52—4
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a basic migma to produce a mobile end-phase
“aqueo-igneous” solution rich in magnetite, quartz,
and gases. This end-phase in turn was split into
pegmatite and magnetite fractions. The magnetite
fraction then replaced the calcareous facies of the
Pochuck gabbro gneiss and the Grenville series dur-
ing a period of stress.

Kemp and Alling in 1925 in discussing the ores of
the Ausable quadrangle decided that the magnetite
was derived by the differentiation of a plagioclase
granite magma which produced abnormal amounts
of magnetite instead of the usual ferromagnesian
minerals. The differentiation may have been stimu-
lated by the chill-Soret principle through the pres-
ence of metasediments of the Grenville series and
metagabbro. They also believed that some magnetite
may have been concentrated by pegmatitic activity
and the action of heated vapors.

Another paper by Alling in 1925 gives an excellent
tabulation of the history of the ideas relating to the
origin of Adirondack iron ores and restates his be-
lief that the magnetite is the result of replacement
by aqueo-igneous magnetite-rich solutions derived
from a differentiating granitic magma.

Miller’s interpretation (1919b) of the mineraliza-
tion of the Lyon Mountain granite gneiss, advanced
the idea that the vehicle for iron concentration was
the end-stage pegmatitic fluids charged with gases
from the Lyon Mountain granite gneiss. These solu-
tions became enriched in iron on contact with the
metagabbros and hornblende gneisses of the area.
The enrichment in iron was partly achieved through
solution of the magnetite of the foregoing rocks but
prineipally through alteration of the hornblende and
hypersthene of the basic rocks to a monoclinic py-
roxene. The iron-bearing solutions, being under pres-
sure, were then forced to higher levels, where they
deposited the magnetite between the earlier minerals
of the Lyon Mountain granite gneiss.

Newland (1920) objected to Miller’s hypothesis,
claiming that the mass of gabbro ingested by the
granite, and necessary to produce the iron deposits,
was too great. Miller (1921) replied to Newland’s
criticism, and in 1926 restated verbatim his argu-

"ments of 1919.

Gallagher in' 1937 advanced the idea that the
magnetite in the Lyon Mountain granite gneiss owed
its origin to a pneumatolytic metasomatic replace-
ment of the Lyon Mountain granite gneiss.

Alling in his resummation of the situation in 1939
was evidently satisfied that the chief process in-
volved in the formation of tlie ore was pneumatoly-
tic metasomatism, and adds that it was associated
with a late-stage hydrothermal introduction and con-
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centration of magnetite, operating after the princi-
pal pneumatolytic stage.
No final interpretation of the origin of Adiron-

dack magnetite ore can be given until evidence

covering the entire area has been correlated. The
following discussion involves only Clinton County;
it undoubtedly will have to be modified in terms of
future work in other areas.

It must be emphagized that every ore deposit in
Clinton County has certain characteristics of its
own. To arrive at a satisfactory explanation of the
origin of these ores, one must consider all individual
peculiarities. A recapitulation of these characteris-
tics is in order.

The ore occurs in a variety of host rocks. In some
mines the ore is found in a single type of host rock;
in other mines two or more host rocks may carry
the magnetite. In some mines the magnetite has
largely replaced a single mineral in the host rock,
whereas in other mines it has replaced all the min-
erals of the host rock; or in two mines with the same
host rock, one mineral has been replaced in one mine
and another mineral has been replaced in the other
mine. Rarely, the gangue minerals of ores are ser-
pentinized and chloritized; but most of them gshow
no effects of hydration. Ore in some places is as-
sociated with fluorite, scapolite, and late apatite.
Magnetite in some places clearly has replaced cata-
clastically deformed minerals. In some mines there
is evidence of mechanical breaking in the footwalls
or hanging walls; in others there is no association
with such textures. Several of the mineralized zones
are in synclines. It can also be demonstrated that
some ore shoots are narrow and elongated, plunging
parallel to the mineral lineation in the surrounding
rocks.

The relationship between ore and different host
rocks clearly demonstrates introduction of ore into
the host rocks after their formation. The frequent
association of ore with cataclastic zones, in which
the magnetite is undeformed, may indicate the na-
ture of the channelways along which the iron was
introduced. The occasional association with fluorite,
scapolite, and late apatite indicates that volatiles
accompanied the emplacement of at least some of
the magnetite, but no implication is intended that
these minerals are formed only by pneumatolytic
action. On the other hand, the hydrated gangue
minerals and the magnetite found in late pegmatites
and in quartz veins would indicate that at least some
of the magnetite was introduced during a lower-
temperature hydrothermal stage. The general pic-
ture then is that the bulk of the ore magnetite was
introduced by pneumatolytic action, but some of the
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magnetite was introduced hydrothermally during
the waning stage of the mineralization.

The source of the iron is thought to be a granitic
magma, presumably part of the magma that pro-
duced the Lyon Mountain granite gneiss. Some dis-
cussion is necessary to account for the presence of
an iron-rich magnetite-producing end stage, or near
end stage, in a granitic magma and to account for
the introduction of the magnetite into its present
position. Zies (1929), in his observations on fuma-
role incrustations, found magnetite being deposited
under conditions indicating that the iron came in
with a halogen in a vapor phase. He suggested (1929,
p. 9) that the following reaction proceeds to the
right if the gases are cooling and have reached a
temperature near 550° C:

Fegcls + FeClg —l— 4H20 B+ Fe304 + SHCI

He also pointed out that halides of titanium hy-
drolyze more readily than halides of iron and, there-
fore, cannot be transported over such great dis-
tances. This property may explain the low titanium
content of the granitic ores, as compared with the
titanium-rich iron ores produced by magmatic seg-
regation of the anorthosite and gabbros. It is pos-
sible, though, that a difference in the initial titanium
content of the magmas might be more significant.
Zies (1929, p. 10) also pointed out that in the labora-
tory, at 250° C, the following reaction may occur:

8Fe;0, (magnetite) + 3Cl—
4Fe203 (martite) + Fe013

This may be a possible explanation of the presence
of martite ores in part of the Clinton County field.
Fenner (1943) also cites the work of Zies (see also
Jahns, 1944) and discusses principles that may apply
to the formation of the Clinton County ores. Ferric
chloride has been frequently detected in emanations
from volcanic vents and fumaroles. This material
also has a high vapor pressure (872.6 mm. Hg at
318.4° C). It is, therefore, possible that when the
iron-enriched magma reached a depth where the
hydrostatic pressure of the overlying rocks became
less than the vapor pressure of the ferric chloride
(or fluoride) contained within the magma this halo-
gen compound would boil off and ascend into the
covering rocks. Actually the hydrostatic pressure of
the overlying rock plus the pressure arising from .
the continuity with the surrounding rocks would be
the maximum factor. Pore space would be necessary
to permit motion, therefore boiling pressure could
be as low as the hydrostatic pressure of the pore
solution plus the friction of gas in passage (Fenner,

.1943). On cooling, the ferric chloride (or fluoride)

would be hydrolyzed to precipitate magnetite in ac-



cordance with the first of the foregoing equations.
In Clinton County this mechanism must be consider-
ed in terms of its relation to the microantiperthite
granite gneiss, as the magnetite has replaced this
secondary rock, Sundius| (1935) points out that
magmatic gases leach soda from the country rock
and thus form alkaline solutions. It is possible that,
in the Clinton County area, gases with higher vapor
pressures preceded the ferric chloride, leaching soda
from the plagioclase of the country rock, concen-
trating it, and redepositin%;P it to form the microanti-
perthite granite gneiss that was later replaced by
magnetite. An alternative possibility is that early
gas in boiling through the magma picked up and
entrained low-vapor-pressure sodium chloride, which
was carried into the surraE‘mding rocks to effect the
formation of the microantiperthite that preceded
the magnetite. Still anoth¢r possibility would be that
complex sodium vapors with higher vapor pressures
than ferric chloride may Lave caused the early for-
mation of microantiperthite. It is perhaps possible
that some iron also was carried in this early phase.
This iron in econjunction with the soda might then
be responsible for the formation of the vein or frae-
ture-filling clinopyroxene and the clinopyroxene that
has rounded inclusions of microperthite.

If in the ore-forming magma there was an excess
of iron over vapor (halogens), iron would be left to
be carried out later in the hydrothermal and pegma-
tite stages.

The following steps summarize the sequence of
events that may have been involved in the process
of magnetite mineralization.

1. Injection of part of the magma that produced
the Lyon Mountain granite gneiss into the older
granite gneiss and Grenville series. Skarn rocks
formed at this time by reaction between calcareous
sediments and solutions from the magma. Injection
was prior to or contemporary with regional com-
pression.

2. Deformation by plastic flow. End-stage brittle-
ness permitted “micro shearing.”

3. A still mobile part of the iron-enriched magma
rose into the foregoing materials, or it may have
been squeezed up during the folding. -

4. When hydrostatic pressure of the materials
overlying the magma became less than that of high-
vapor-pressure gases, upward penetration of the
gases through the overlying shear zones was pos-
sible. These gases, carrying some iron, leached soda
from the surrounding rocks, which, combining with
iron and other materials, deposited pyroxene as frac-
ture fillings. Excess soda formed microantiperthite
granite by replacement.
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5. If a long-range analogy to fumarole encrusta-
tions is permitted, ferric chloride (or fluoride) vapor
then boiled off from the magma. Later hydrolysis in
the overlying rocks deposited magnetite. Tempera-
ture and pressure balances probably determined
what materials were replaced. Part of the gases re-
leased by the hydrolysis went to form scapolite,
fluorite, and apatite. Replacement was also con-
trolled by lines of weakness in directions of mineral
lineation.

6. With decrease of temperature and exhaustion
of chlorine (or fluorine) excess iron went over into
the pegmatitic end stage and crystallized as mag-
netite in the younger pegmatite and quartz veins.

EXPLORATION AND DEVELOPMENT

The iron deposits of the northeast Adirondacks
have been known since early in the past century.
Judging from the number of prospect pits and shafts
in the district early exploration was thorough. The
earlier exploration was both systematic and hap-
hazard. The Bowen-Signor ore belt was carefully
traced and exploited before the middle of the nine-
teenth century by Peter Tremblay. Records in the
Tremblay family indicate that Peter Tremblay also
did exploration work on the Russia Station and
Chateaugay ore belts (oral personal communication
from Daniel Tremblay, Redford, N. Y.). In the Aus-
able district the old mining companies gave good
coverage to their areas. Haphazard exploration is
indicated by the existence of barren test pits that
have no relation to ore zones.

Several of the old land surveys recorded the exis-
tence of magnetic anomalies. These anomalies no
doubt guided astute prospectors to original discover-
ies. It is doubtful, however, that any systematic
dip-needle surveying was done until very late in the
past century or early in the present century.

By the turn of the century the mining companies
operating in the area were engaged in diamond drill-
ing to explore the continuations of known ore bodies.

It would appear that the mining and exploration
activities of the past hundred years or more have
disclosed the higher-grade iron deposits of this dis-
trict. In the interests of determining the country’s
resources of iron ore there is, however, much work
yvet to be done in this region, particularly with re-
gard to diamond drilling and detailed ground mag-
netic surveys.

ROCKS REPLACED TO FORM ORE BODIES

Future exploration in the Clinton County area
should be guided by two factors: the magnetic
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anomalies and the rocks that are known to act as
hosts to concentrations of magnetite. Given below
is a list of the ore bodies in the area, arranged ac-
caording to the type of rocks that were replaced to
form the ore bodies. The list is based on data from
the section on magnetite mines and prospects as
given in this report.
Rocks predominantly rich in soda. Microantiperthite
and plagioclase granite gneisses:

Nelson Bush.

Arnold.

Battie.

Russia Station.

Miner.

81.

Rocks predominantly skarn, migmatitic and felds-
pathic skarn, and strongly pyroxene-cantaminated
microperthite granite gneiss (containing more
than 10 percent pyroxene):

LaVake.
Mitchell.
Averill.
Ellis.
LaMar.

* Bowen-Signar.
Tremblay mine.
Tremblay pits.
.Bannerhouse.
Coaok.

Lynch.
Chateaugay.

Rocks strongly pyroxene-contaminated microanti-
perthite and plagioclase granite gneisses or mig-
matites: '

Rutgers.

- Hogback.

' Clayburg.

Earl.
Microperthite (alaskitic) granite gneiss, in part with
fluorite:

Palmer Hill.
Jackson Hill.
Winter.

Microcline granite gneiss:
Mace.

Pegmatite:
Black Brook.
Third and Fourth Mountains.

Gabbro complex:

Dunecan.

Excluding the pegmatite and gabbro magnetites,
the foregoing information may be assembled on a
percentage basis:
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Number
of bodies Percentage
Ores in soda-rich rocks _______________ 6 23
Ores in pyroxene-rich mieroperthite
granite gneiss and skarn ___________ 12 46
Ores in pyroxene-rich soda rocks________ 4 15
Ores in microperthite granite gneiss
(alaskite) _ _ 3 12
Ores in microcline granite gneiss —_____ 1 4
26 100

This compilation indicates the high frequency
with which pyroxene-rich rocks are replaced by
magnetite. If both sodic and potassic pyroxene-rich
rocks are combined, 61 percent of the mines and
prospects of the area accur in such rocks. If sodic
and potassic ores are compared, excluding pyroxene
content, 62 percent of the deposits are in rocks
whose dominant feldspars are potassic; the con-
verse of this statement, however, should be em-
phasized—namely, that 38 percent of the magnetite
deposits are replacements of rocks whose dominant
feldspars are sodic—as this is an appreciable por-
tion of the total number of deposits. This may be
further summarized by stating that 84 percent of
the magnetite bodies are in modified granitic rocks,
modified either by incorporation of metasediments -
(pyroxene rocks, 61 percent), or by anatexis or
metasomatism (sada-rich rocks, 23 percent). Only
ane magnetite body is known in microcline granite
gneiss. No magnetite bodies are known in horn-
blende granite gneiss in this area.

Of the two operating mines in the region, one,
the Chateaugay, shows magnetite replacing a py-
roxene-rich microperthite granite gneiss which gives
place to a plagioclase granite gneiss at depth; the
other, 81, shows magnetite replacing a plagioclase
granite gneiss.

MAGNETIC ANOMALIES AND DIP-NEEDLE SURVEYS

The survey of the area included a considerable
amount of detail and reconnaissance dip-needle work
ta determine the lengths of known ore belts and to
investigate anomalies detected by the airborne mag-
netometer. Geaphysical surveys in the region were
conducted by the United States Bureau of Mines and
the United States Geological Survey. During the
course of this investigation all geophysical work was
transferred from the Bureau of Mines to the Geo-
logical Survey.

The United States Bureau of Mines during its
operations in the Clinton County area completed
detailed dip-needle surveys on the Ellis-LaMar-Aver-
ill zone in the Dannemora quadrangle and on the
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Bowen-Signor and Russia Station zones in the Lyon
Mountain quadrangle.

The Ellis-LaMar-Averill anomaly has been des-
cribed in previous reports (Donnerstag, 1945, and
Bardill, 1947a). ’

The Russia Station anomaly consists of three dis-
tinet parallel anomaly zones (Bardill, 1947¢). The
central one, which passes through Russia Station,
has been designated the Phillips anomaly; the one
to the east is the Kimball-anomaly; and the one to
the west is the Dorothy anomaly. These anomalies
have been traced for some 15,000 feet parallel to the
strike; the width of the zone of anomalies at right
angles to the strike is 3,000 feet. Old mine workings
lie along all three of the anomalies.

The Dorothy anomaly was established as an in-
dividual unit separate from the Phillips and Kimball
anomalies by the Geological Survey late in the field
season of 1944. The highest dip-needle reading (up
to 4-74°) are on the Dorothy and Phillips anomalies.

Detailed dip-needle surveys over the abandoned
Bowen-Signor mine cover some 37,000 feet, including
the extensions of the anomaly eastward and west-
ward from the mine (Bardill, 1947b). Calculations
based on old drilling records indicate a considerable
tonnage of magnetite remaining underground.

All the magnetic anomalies in Clinton County
show the same general pattern. The magnetic con-
tours -show closures that are discontinuous parallel
to the strike, an effect that has been described as a
“string of beads.” This may indicate, at least in some
cases, that the ore occurs in cigarlike shoots—that
is, the contour closures may indicate the intersection
of an ore shoot with the ground surface.

Much reconnaissance with the dip-needle was car-
ried on in the area by both the Geological Survey
and the Bureau of Mines.

In Clinton County the Bureau of Mines did recon-
naissance work in the Standish, Palmer Hill, Arnold
Hill, LaVake, Rutgers, and Hogback areas and on
the Mitchell prospect. In Franklin County prelimi-
nary. investigations were carried on at the Banner-
house mine and at the Duncan Mountain and Studley
Hill prospects.

The Geological Survey undertook some 17,800
feet of magnetic reconnaissance in the area. This
work included the Lynch and the Rock prospects, the
Black Brook mine, and part of the Dorothy anomaly.

AIRBORNE MAGNETOMETER SURVEY

The airborne magnetometer survey of the north-
east Adirondack magnetite district was started in
the summer of 1945 and was completed in the sum-
mer of 1946. This survey was made by James R.
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Balsley, of the Branch of Geophysics, United States
Geological Survey, with the assistance of M. E. Hill,
Herbert E. Hawks, and D. L. Rossman.

The airborne magnetometer was flown over the
area at an altitude of approximately 1,000 feet above
the ground. Usually the traverse lines were spaced
a quarter of a mile apart, though some flights were
made on a spacing of one-third of a mile.

The air-detected anomalies will be plotted on an
aeromagnetic map now in preparation. The strike of
magnetite zones that have great length is clearly
shown when the anomalies are plotted and contoured
on the map. The effect of multiple parallel mineral-
ized zones, as at Russia Station, is detected as a
mass effect by the airborne magnetometer and not
as separate parallel zones. Individual, single, or iso-
lated anomalies may be expected to have a strike
length on the ground no greater than the distance
between the survey flight lines, provided that the
flight lines are at right angles, or nearly so, to the
regional strike. On the contoured magnetic map
anomalies of this kind show as isolated closures of
the contours.

Consideration of these faets leads to helpful aids
in field procedure when the anomalies are checked on
the ground. If the anomaly is not picked up in the
area over which it is plotted, the ground survey
should be taken out some 500 feet along and at right
angles to the flight line before work is abandoned.
When an anomaly is located by dip-needle, ground
traverses should be run at right angles to the strike
to check the possibility of multiple parallel min-
eralized zones.

In Clinton County and adjacent districts pre-
liminary plotting of the air survey gave a very rapid
delineation of areas for ground investigation. The
air survey also gave valuable information on the
length and continuity of known mineralized belts.

All the important anomalies recorded were over
the Lyon Mountain granite gneiss. Of interest were
anomalies recorded over the Potsdam sandstone in
the Churubusco quadrangle. These anomalies indi-
cate the possible presence of concealed magnetite
deposits in the Lyon Mountain granite gneiss be-
neath the sandstone cover; they could, however, be
local sedimentary concentrations in the sandstone.
No anomalies were recorded over the Hawkeye gran-
ite gneiss, the quartz syenite gneiss, or the anortho-
site.

More than 117,000 feet of reconnaissance dip-
needle surveys were conducted by the Geological
Survey to investigate air-detected anomalies.

New discoveries of magnetite deposits, as com-
pared with known deposits, were not great. To date,



48

none of the new areas tested on the ground by dip-
needle surveys have turned out to be truly signifi-
cant. This is in contract to results obtained from
similar aeromagnetic surveys in St. Lawrence
County. (A. F. Buddington, written personal com-
munication.)

DIAMOND DRILLING

During the investigation of Clinton County five
diamond-drill holes were put down by the Bureau
of Mines. Two of these holes were drilled on the
Ellis ore bed in 1949. The length of the two holes
totaled 99.5 feet. Of the remaining three holes,
drilled in 1947, two were on the Bowen-Signor mine,
and the third was on the westward extension of the
Bowen-Signor anomaly, between the Tremblay and
Clayburg mines. These three holes had a total length
of 1,442.4 feet. All the holes were logged by the
United States Geological Survey; the results are
described in later sections.

In addition to the diamond-drill core made avail-
able from the above source, nearly 138,000 feet of
core in the possession of the Republic Steel Corp.
was logged in detail. This core was divided as
follows: Standish (81 mine) area,! 2,824.5 feet;
Palmer Hill-Jackson Hill area,? 6,074.6 feet; Arnold
Hill,2 381.0 feet; Battie-Mace area,? 2,709.9 feet; and
Hogback-La Vake area,? 679.0 feet.

The Republic Steel Corp. initiated a diamond-
drilling program to explore the Russia Station
anomalies late in 1948 after the Geological Survey
personnel had left the area.

GUIDES TO FUTURE EXPLORATION

If additional ore bodies are to be discovered, the
following associational factors may be of aid in the
northeast Adirondack area.

1. Many magnetic anomalies are multiple; that
is, two or three bands of anomaly may occur with
parallel strikes. Individual anomalies should be pros-
pected by reconnaissance traverses run at right
angles to the strike.

2. Ore zones often show considerable persistence
parallel to the strike; therefore exploration should
not be terminated too quickly in the direction of the
strike.

3. Synclinal structures are typical of several of
the best mineralized zones.

4. In general, the ore bodies conform to the planar
structures of the enclosing rocks. The strike and

1 Some skeletonized core stored by Republic Steel Corp., at Chateaugay mine,
Lyon Mountain, N. Y.

2 Core stored by Republic Steel Corp. at Mineville, N. Y.
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dip of the foliation determines the strike and dip
of the ore body.

5. The trend and plunge of pencillike ore shoots
may be determined from the trend and plunge of the
mineral lineation in nearby outcrops. This factor
should be considered in locating diamond-drill holes.

6. Several of the ore bodies of the northeast
Adirondacks occur in pyroxene-contaminated micro-
perthite and plagioclase granite gneiss, or grani-
tized skarn and skarn magmatite.

7. Plagioclase granite gneiss and microantiper-
thite granite gneiss may serve as hosts to strong
magnetite concentrations.

8. The regional alaskitic granite gneiss carrying
accessory magnetite is apparently barren of eco-
nomic magnetite concentrations, though such gran-
ite gneiss may occur in the footwall or hanging wall
of mineralized rock.

It is interesting to note that several of these fac-
tors have already been described by Hotz (1945) as
applying to the Sterling-Ringwood area of New
Jersey and New York.

FUTURE DEVELOPMENT

Additional investigations will be necessary before
a complete understanding of the magnetite ores of
Clinton County is possible.

Many of the iron ore deposits of the area have
not been subjected to quantitative examination to
determine size, grade, and continuity of the ore. This
is particularly true of that part of the Ausable
quadrangle that lies north of the Ausable River
and that part of the Dannemora quadrangle that
lies south and west of the Paleozoic cover. The Re-
public Steel Corp. has several thousand feet of dia-
mond-drill core from this area. Examination of this
in its entirety should be of considerable value in
guiding any future programs.

As many of the magnetite zones are singularly
persistent along the strike, it is recommended that
detailed dip-needle surveys followed later by drilling
programs be planned by those concerned with the
future mineral economics of the area. In the Ausable
quadrangles, the Palmer Hill-Jackson Hill zone
should be investigated. In the Dannemora quad-
rangle, the LaVake-Rutgers-Hogback and the Mit-
chell-Lynch zones should be examined. Between the
two quadrangles, the Cook-Battie mineralization
should be explored. Also, if the problem of economie-
ally recovering black hematite or martite is solved,
the Arnold Hill (Ausable quadrangle) deposits
might become valuable again.

In those parts of the area where detailed magnetic
work has been done by the Bureau of Mines, an
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adequate drilling program still remains to be carried
out.

Attention should also be drawn to areas in the
Churubusco quadrangle where the airborne magne-
tometer detected several isolated anomalies over the
Potsdam sandstone. These areas should be surveyed
with instruments more sensitive than the dip needle.
" Valuable magnetite deposits may be concealed be-
neath the Potsdam sandstone cover. Similarly, the
Finch-Nelson Bush magnetite zone in the Ausable
quadrangle should be investigated to determine
whether it extends northward under the Potsdam
sandstone.

MAGNETITE MINES AND PROSPECTS

The only mines operating in the area covered by
this report are the Chateaugay mine and the 81
mine of the Republic Steel Corp. in the village of
Lyon Mountain and near Standish, respectively.
The first is an underground operation working a
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low-grade magnetite deposit which forms two par-
allel zones designated as the “hanging-wall vein”
and the “footwall vein.” The 81 mine was reopened
as an open-cut operation in 1949; future develop-
ment will involve underground mining. These mines
are briefly described in a succeeding section. Mr.
Paul W. Zimmer, geologist for the Republic Steel
Corp., plans to publish a detailed description of the
mines.
~ The mineral rights of the greater part of the
‘known mineralized zones in Clinton County are now
controlled by the Republic Steel Corp., which took
them over from the Witherbee, Sherman Co. and
the Chateaugay Ore and Iron Co. These rights
cover the mines of the Palmer Hill and Arnold Hill
distriet in the Ausable quadrangle and the Bowen-
Signor and Russia Station mines in the Lyon Moun-
tain quadrangle.

The only known mineralized zones worthy of note
that remain in the hands of small holders are the

TABLE 24,—Summary of date on the magnetite mines and prospects

Approximate Approx. Approx. Maximum Average
Mine or production iron length slope thickness Remarks
prospect (tons) (percent) (feet) depth (feet) (feet)
Ausable district
Nelson Bush. . ...ovuuveeiiiiiiniiniinnes]ernireneeee i, 600 Two slopes.
old 600,000 162 | 700 Three parallel veins.

Palmer Hill. . .
LaVake.......
Rutgers,......

Hogback. ... o o -

Jackson Hill.....................

Three (four?) parallel veins.

Two zones.
Three zones.

Two zones.
Two groups of open-cuts.
Multiple ore zone.

Three zones.
................................... Three zones.
Russia Station
Miner Farm
Bowen-Signor
Earl anomaly. .
Clayburg. ....
Tremblay......cooveiiiiiiiiiiiiiiiiienn.
Two zones.
Two zones.

1 Total iron.
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Ellis-LaMar-Averill belt in the Dannemora quad-
rangle, parts of the Russia Station anomalies, and
parts of the Bowen-Signor anomaly. The Banner-
house mine in Franklin County is on private land.
Petrographic data on the magnetite and associ-
ated rocks comprising the individual magnetite-
bearing areas are presented in this section. Graphic
logs of diamond-drill holes that cut magnetite zones
are given when available. This physical information

on the composition and arrangement of the rocks is.

provided in the hope that this should be useful in
connection with future mining and metallurgical
problems. Many of these data have been used to sup-
port the preceding discussions of the origin of the
magnetite and the Lyon Mountain granite gneiss.

For convenience the mines and prospects of the
area are grouped in four geographic units: the
Ausable district, the Dannemora district, the Sara-
nac Valley belt, and the Lyon Mountain belt.

Table 24 summarizes data for these areas. The
table, though based on information given by New-
land (1908), is modified in some instances by more
recent information.

AUSABLE DISTRICT

The Ausable district comprises the ore bodies and
magnetite zones that occur in the Ausable quad-
rangle north of the Ausable River and in the south-
ern part of the Dannemora quadrangle. According to
Newland (1908) this area had produced about
2,000,000 tons of ore. The district is the oldest ore
producer in the northeast Adirondacks. Ore was first
discovered on Arnold Hill in 1806, and mining com-
menced shortly after.

The largest mines in the area are the Arnold Hill
and Palmer Hill groups. Other mines are the LaVake,
Rutgers (Redgars), Hogback, Jackson Hill Winter,
Mace, Cook, Battie, and Black Brook. Besides these
mines, numerous test pits and shafts and small old
workings, such as the Mitchell and the Chalifou
mine, are found in the area.

The Republic Steel Corp. controls the mineral
rights in the district by acquisition of the holdings
of the Witherbee Sherman Co.

Arnold Hill group of mines—The Arnold Hill
group of mines is in the Ausable quadrangle one mile
west of the railroad at Ferrona. The group includes,
from north-northeast to south-southwest, the Nel-
son Bush, Arnold, Indian, and Finch workings. The
last two were small workings that were abandoned
when the larger Arnold and Nelson Bush ore bodies
were discovered. Kemp and Alling (1925, p. 98)
state that the Arnold mine was the largest producer
of the group. All the workings are now inaccessible,

-

8o information concerning them is dependent on the
literature, on meager diamond-drill material in the
possession of the Republic Steel Corp. and on ma-
terial obtainable from the mine dumps.

Smock (1889, p. 40) estimated the production of
the Arnold mine, from its opening in 1830, to be
400,000 tons. Newland (1908, p. 100) states that
mines on Arnold Hill produced 600,000 tons; of this,
150,000 tons was produced before 1864.

Nelson Bush mine.—The Nelson Bush mine was
the last of the group to be worked. Kemp and Alling
(1925, p. 95) state that it was reopened in 1903 and
operated for 3 years. The ore lenses are reported to
have variable thicknesses ranging from 3 feet to 25
feet. The ore bodies narrow with depth and are dis-

-placed by small cross faults.

Material obtained from the mine dump (table 25)
shows that the ore is associated with a plagioclase
granite gneiss, with schlieren of hornblende, that
ranges in color from white through pink to dark
red. The dump waste shows evidence of brecciation
and shearing, with a late-stage introduction of
jasper and calcite vein material. Newland (1908, p.
96) also mentions the occurrence of purple fluorite
with the calcite. The dumps contain a considerable
tonnage of martite ore. The martite ore was pre-
sumably separated from the magnetite ore before
the latter was sent to the mill. Putham (1886, p. 120)
cites the following assays for material from the
Nelson Bush mine:

1308 1309
Metallie iron. .. . ..ot e 61.62 54.60
Phosphorus. ... .102 344
Titanicacid........ oo s Tr. |..coennnn

1308. From 300 tons of separated ore.
1309. From 1500 tons of furnace ore.

TABLE 25.—Modal composition of five samples of martite ore
and associated plagioclase granite gneiss from the dumps
of the Nelson Bush mine

[D, dominant; X, present; G, xenomorphic-granular; C, cataclastic]

Ag-1 Ag-1A Ag-2 Ag-3 Ag-3B
. A An An; An; Anzy
Plagioolase. .............. { 2% o3| s9| 0| 49
Quartz.................. 21.5 6.1 33.7 25.4 23.6
CHnopyroxene.......ooovi|veevnennfoenennnen B34 ... P Tr.
Hornblende.............. & R N 7.3 3.5 21.2

1 Chloritized.
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Outcrops in the vicinity of the Nelson Bush mine
strike N. 15° - 35° E,, and dip 55° — 80° NW. Putnam
(1886, p. 119) describes the ore zone as having a
strike of N. 23° E. and a dip at the surface of 71°
NW.

Arnold mine.—The Arnold mine is about 0.2 mile
south-southwest from the N e}son Bush mine.

Three ore bodies were developed by the workings:
from east to west, the “gray,” “black,” and “blue”
veins. :

Table 26 gives the moddl composition of three
samples obtained from the mine dump.

The United States Bureau of Mines has recently
made partial assays of character samples obtained
from the mine dumps. The Bureau of Mines defines
a character sample as one that is representative of
the ore body as a whole. To select a sample to fit this
definition is difficult, so some of the “character sam-
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FIGURE 19.—Graphic log of diamond-drill hole 86, Arnold mine.
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ples” quoted may be nonrepresentative, The assays
were as follows: :

Sample No. Total Fe Si0:
64.20 7.33
61.98 6.16
63.30 8.30
62.40 6.72

Samples 994-30, 994-31, and 994-32 are black
hematite or martite ores with a gangue of quartz,
plagioclase, chlorite, and hornblende. Sample 994-33
is a magnetite ore with 98.2 percent of the iron re-
coverable from the magnetic fraction.

TaBLE 26.—Modal composition of three samples of martite
ore in plagioclase granite gneiss from the dumps of the
Arnold Mine

[G, Xenomorphic-granular; Gl, xenomorphic—g:]'anular with mylonite; C, cataclastic;

X, present
977 977A 977B

Microperthite and microantiperthite. ..} ........... e 14.9
: Ang Ang [............
Plagioclase................ovvinnnn 42.3 29.8 1821
Scapolite............coiiiiiiiii e N I O, L.
uartz...... 24.4 15.3 9.6
linopyroxene. ..........c.cvovvieoifieiiiinn oo Tr.
Biotite..........iiiii i e Tr.
Martite..... 29.0 42.1 38.6
Accessories. . . . 4.2 8.8 4.7

Zircon.................. o X X X

Apatite................. . X X X

Chlorite. . . X X

Epidote........o.ovviviiiiiiiiiiii s X

Calcite. . . X X

TeXtUre. .ov vttt Gl G C

1 Mostly completely altered plagioclase.
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Putnam (1886, p. 119) gives the following assays
of samples from the gray, black, and blue veins:

1305 1306 1307

Metalliciron. . ......c.coevuuvueenn.. 59.92 61.28 62.84
Phosphorus. . ...o.viieniiio. ... .097 .113 .012

1305. Gray vein. 1306. Black vein.

Three short diamond-drill holes (core now in the
possession of Republic Steel Corp.) drilled by the
operators of the Arnold mine intersected only lean
ore (table 27). The prevailing rock in the deepest
hole logged (DDH 86) is a plagioclase granite
gneiss (figs. 19 and 20). The rock has been subjected
to chloritization and brecciation. Martite is the
common accessory mineral in the associated non-
mineralized plagioclase granite gneiss.

1307. Blue vein.

TABLE 27.—Modal composition of samples of plagioclase
granite gneiss from the Arnold mine, diamond-drill hole 361

[G, xenomorphic-granular; C, cataclastic; X, present]

ornblende.
Martite.......
Accessories. . ..
Apatite. ..
Sphene. . .
Zircon. . ..
Chlorite. . .
Caleite. . .oov ittt

Depth (feet)
TeXtUTe. oo oottt iee st re e iii e iaaenas

1 This and following petrographic tables, based on diamond-drill cores from the
Ausable and Lyon Mountain districts, are given by permission of the Repnbhc Steel
Corp. The core from the Ausable district is stored at Mineville, N.

Putnam, (1886, p. 119) described the ore bodies as
having a “shoot” structure and says that they pitch
40° NNE. The ore bodies are described as pinching,
swelling, and narrowing at depth. Newland (1908,
p. 97) gives the thickness dimensions of the three
bodies:

Gray vein ____________ 3-25 feet
Black vein ____________ 327 feet
Bluevein _..__________ 3-27 feet

The three “veins” are separated from each other by
about 40 feet of granite rock. The gray vein is com-
posed of magnetite and light-colored gangue; the
black vein also carries magnetite; the blue vein is
martite ore mixed with a gangue of vein quartz and
ferruginous calcite. Smock (1889, p. 89) states that
at this mine the strike is north-northeast and the
dip at the surface 60°-~70° NW. To this may be added
Putnam’s (1886, p. 119) statement that the angle
of dip decreased to 55° at a depth of 325 feet. This
would perhaps indicate that the deposits are occupy-
ing the easterly limb of a syncline. However, the log
of the hole previously mentioned indicates a general
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dip throughout of about 42° over a depth of 320
feet.

The opinion has been expressed that the Nelson
Bush mine is on a continuation, or extension parallel
to the strike, of the gray vein; Newland (1908, p.
97) has denied this. Evidence available neither
affirms nor denies the possibility.

Indian mine.—The Indian mine is about 0.2 mile
south-southwest of the Arnold mine.

This mine is perhaps on the south extension of
the Arnold mine ore bodies. Emmons (1842, p. 293)
states that trials made with the ore from this
locality were unsatisfactory.

Fineh mine—The Finch mine is 0.8 mile south-
southwest from the Indian mine.

The mine is now caved, but evidently the ore con-
tained considerable martite.

Palmer Hill group of mines.—The major work-
ings in the Palmer Hill group of mines are on the
east and south slopes of Palmer Hill. From the south
end of Palmer Hill a line of abandoned mines and
pits extends for 0.5 mile in a north-northeast direc-
tion.

Mining started on Palmer Hill in 1825 and con-
tinued until 1890 (Newland, 1908).

The ore is disseminated magnetite in a pink
medium-grained microperthite-microcline granite
gneiss (table 28). Granite gneiss from the dumps

TABLE 28.—Modal composition of 2 samples of magnetite-
bearing microperthite granite gneiss from dumps of old
workings on east side of Palmer Hill

[X, present; G, xenomorphic-granular]

Pal-3 Pal-4

Microperthite and microcline.,........covvevennan. 53.7 28.4
PIOGIOCIASC. 1o e evteeteta et eea e { P ERRRRREE 36
QUATEZ . + oo er e eerene s otnnea s iananeraaannnnns 26.1 48.5
Biotite. .......cviii it i i s e Tr. Tr.
Magnetite. . .......ooeiiniiniiniinienn, A 11.9 20.4
Zircon (accessory). ............. e X X
Magnetite?! (percent by weight) 21.0 33.
Iron! (percent by weight).............c.cooeveonnn 15.1 24.6
TeXbUI. oo vt vvei vttt ianaenes G G

1 Computed from mode.

has a little pyroxene replaced by garnet. The host
rocks of the magnetite ore are unusually free of the
ferromagnesian silicates that are found in other
mines. Examination of diamond-drill cores shows
that much of the granite gneiss contains a small
percent of purple fluorite—it is reported that large
masses of fluorite were found during mining. In
some of the holes plagioclase granite gneiss and
microantiperthite granite gneiss are present in the
footwall and the hanging wall of the mineral zone.

Thin sections from diamond-drill cores reveal thin
brecciated or mylonitized zones on the hanging-wall
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side of the ore (table 29). In one hole the breccia lies

both on the immediate hanging wall and footwall -

sides of the mineral zone. Figures 19, 20, and 21 are
graphic logs of diamond-drill holes put down on the
Palmer Hill mines.

Assays from drill cores show that the tenor of
metallic iron is variable. Values range from subore
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Sample No.

994-38 (southwest area)
994-42 (northeast area)....

Total Fe S TiOs? SiOs
47.80 0.01 2.56 26.98
58.20 .01 1.27 15.93

1 The high TiO: content probably is derived from ilmenite.
Putnam (1886) gives the following assays of
four samples:

to 1I{nclf)re ’ghan 40 pe:,cx:gent .Eetalhc 1:ron. Suborel is 1301 1302 1303 1304
?oc earing magne ,1 e wi fa con el.lt O_f metallic Metallic IrOn. . . .vvurenneenenns.. 44.94 | 66.03 33.52 63.45
iron too low to permit economic exploitation at the | Phosphorus..........oc.iciiiii 1023 007 |...oL - l002
prese:nt time. Assays by the United States Bureau 1801, 6,000 tons of orade ore from the Rogars pit.
of Mines of character samples from the dumps gave 1302. 7,500 tons of separated ore from the Rogers pit.
h 3 . 1303. 500 tons of crude ore from the Peru Steel & Iron Co. pit.
the followmg I'ESUPCS ) 1304. 1,000 tons of separated ore from the Peru Steel & Iron Co. pit.
TABLE 29.—Modal composition of 28 rock samples from diamond-drill holes 68, 73, 80 and 81 on Palmer Hill
[G, xenomorphic-granular; Gr, granular; C, eataclastic; B, breccia]
68-1 | 68-2 | 683 | 73-1 | 73-2 | 73-3 | 734 | 73-5 | 73-6 | 73-7 | 73-8 | 73-10 | 73-11 | 73-12
B T L SRR 36.0 Joeeeesfoernin]ieeeeeifomneend e 23.2| 56| 3.6, 1.5 } { ......
55.5 34.1
Microperthite........o.oovrieennnannunnnn } { 4.3

Microperthite and microantiperthite..........
Microantiperthite

Plagioclase

exture

Microckine.......ooovieiviiiiiiin..
Microperthite......................
Microperthite and microantiperthite. .
Microantiperthite

Depth (feet)......ooovvenenniiiniinnnnn...
Texture. . ...ovvviiien ettt

1 Euhedral.

68-1, Magnetite-microperthite granite gneiss.
88-2, Magnetite-microcline syenite gneiss.
68~3. Ore in microperthite granite gneiss,

73-1. Magnetite-microantiperthite granite gneiss.
73-2. Magnetite-microantiperthite granite gneiss.
73~-3. Hornblende-microantiperthite granite gneiss.

73-4. Magnetite-microperthite granite gneiss.

73-5. Hornblende-microantiperthite granite gneiss.

73-6. Magnetite-microcline granite gneiss.
73-7. Magnetite-plagioclase granite gneijss.

2 Xenomorphic-granular with mylonite channels.

73-8. Magnetite-microantiperthite syenite gneiss.
73-10. Magnetite-plagioclase granite gneiss.
73-11. Magnetite-microperthite granite gneiss.
73-12. Fluorite-microperthite granite gneiss.
73-13. Magnetite-microperthite granite gneiss.
73-14. Magnetite-microperthite granite gneiss.
73-15. Fluorite-microperthite granite gneiss.
73-16. Pyroxene-microperthite granite gneiss.
73-17. Magnetite-microperthite granite gneiss.
73-18. Pyroxene-microperthite granite gneiss.

80-1. Fluorite-microcline granite gneiss.

80-2. Pyroxene-contaminated microperthite
syenite gneiss.

80-3. Pyroxene-contaminated microperthite
granite gneiss.

80-4. Magnetite-microperthite granite gneiss.

80-5. Chlorite-microperthite granite gneiss.

80-6. Magnetite-plagioclasegranite gneiss.

80-7. Biotite amphibolite.

80-8. Pyroxene-microperthite granite gneiss.
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The general strike on the east side of Palmer Hill
is N. 30° E.; the dip varies but averages 30° NW.
On the west side of Palmer Hill the strike is N. 80°
E. and the dip is 80° SE. This indicates that the ore
lies in a syncline. The heel of this structure can be
followed on the ground surface by the mine work-
ings, which swing sharply westward and then north-
ward on the south side of Palmer Hill.

Smock (1889, p. 38) describes the ore bodies as
shoots. Examination of the workings would indicate
that the shoots plunge 25° N, If lean ore zones seen
in diamond-drill cores from about 2,500 feet north-
west of the old mine may be correlated with the
main ore zones, the ore-bearing syncline is bounded
on the northwest by a weakly mineralized anticline.
The main workings are bounded on the southeast by
a fault which probably has a strike to the northeast
and a 60° dip to the northwest (fig. 22). This fault
is later than intrusion of the diabase, or movement
was renewed after intrusion, as diabase-granite
breccia was seen in some of the drill core examined.

The ore shoots that were mined were 9 to 10 feet
thick; locally they were thicker. Drill holes on the
extreme northeast extension of the old pits perhaps
indicate that the ore zones decrease to a thickness
of about 3 feet.

TRUE NORTH

EXPLANATION
60

Fault, showing dip
30

Strke and dip
of folation

4]
Shoft
<z
wirE FLIST SaFT P a0
Diamond-drill hole logged
069

Digmond-dri!l hole

500
| R

o

| I,O‘OO Feet

Reproduced by permission of ihe

Republic Steel Corp.

FIGURE 22.—Location map of diamond-drill holes at Palmer Hill.
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Newland (1908, p. 102) estimates that the Palmer
Hill group of mines produced more than 1,000,000
tone of ore.

LaVake-Rutgers-Hogback mines. — The LaVake-
Rutgers-Hogback zones cover about a mile of mag-
netite-bearing rock, just north of the southern
border of the Dannemora quadrangle, which trends
roughly parallel to and about 0.1 mile west of the
73°40’ meridian. .

Old dip-needle maps in the possession of the Re-
public Steel Corp. indicate an irregular distribution
of magnetite throughout the area with local concen-
trations represented by the now abandoned LaVake,
Rutgers, and Hogback mines. These three mines do
not, however, indicate a continuous concentration of
magnetite; they lie en echelon from south to north
in the order given. )

The diamond-drilling program carried out many
years ago also illustrates the irregular nature of
the ore but does not clearly show the size or struc-
ture of the ore bodies.

The strong mineral lineation clearly seen at the
Rutgers mine suggests that the magnetite concen-
trations may occur in elongated shoots. That the
ore is related to complex folding is illustrated by
the Hogback mine.

No information is available_concerning the ton-
nage produced from these mines. Compared with the
production of the Palmer and Arnold Hill group of
mines, it was probably small.

The LaVake mine is sometimes referred to in the
literature as the Dills and LaVake mine, The mine
is in the Dannemora quadrangle just north of the
southern boundary of the quadrangle and adjacent
to the west side of the 73°40’ meridian, or 0.03 mile
due south of the number “1” in “Bench Mark 1308.”

Inspection of the old mine, now flooded, shows
that the ore is in a pyroxene-rich microperthite sye-
nite gneiss of the Lyon Mountain granite gneiss, or
a pyroxene skarn migmatite. Extremely coarse
crystals of apatite are abundant. Its abundance is il-
lustrated by the following petrographic analyses of
gangue rock and ore, table 30.

TABLE 30.—Modal composition of ore and gangue rock from

the LaVake mine
[G, Xenomorphic-granular]

152-1 647

Miecroperthite..............coiiiiieiiiiinnnnnnn. b

. Ano f..ooiiiinnnn
Plagioclase. . ...t { 7
Clinopyroxene 6 68.0
Hornblende F 2
Biotite. ... ) A PO
Magnetite e 40 5.2
Apatite...........co it 20 26.8
Sphene. ... ..o e F: J P
Depth (feet)...................0. 0. Seseaaaaat 19 f...iills
Texture. .......ooiviiiiiii e G loooooiii,

1 Composition estimated; texture too coarse for accurate Rosiwal analysis.
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EXPLANATION
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Mineral symbols used alone indicate a granite
gneiss containing the designated mineral

By permission of Republic Steel Corp.
Logged by A. Williams Postel

350

FIGURE 23.—Graphic logs. 4, Diamond-drill hole §2, LaVake mine. B, Diamond-drill hole 40, Hogback mine.

Assays obtained from diamond-drill core north
of the main pit reveal a low-grade ore. Figure 23A
shows a typical diamond-drill core.

The rocks at the LaVake mine have a strike of
N. 20° W. and a dip of 65° E. Examination of a
diamond-drill hole north of the mine indicates that
the angle of the dip decreases to about 40° at depth.

The data shows also that the ore is split into two
zones. The main ore zone, as seen at the open-cut,
has a true thickness of about 12 feet. Drilling has
shown 400 feet of ore parallel to the strike.

The Rutgers mine is known also as the Redgars
mine. It is 0.4 miles to the north of the LaVake
mine.
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The Rutgers ore occurs in a pink syenite gneiss
and a plagioclase syenite gneiss of the Lyon Moun-
tain granite gneiss containing numerous schlieren
of pyroxene skarn. A typical specimen (No. 648) of
the host rock hag the following composition (X,
present; G, xenorphic-granular) :

Miecroperthite and Clinopyroxene _____ __ 34.1

microantiperthite ___ 56.0 | Accessories —__________ 3.9
., Magnetite __.______ X
Plagioclase ___________ 4.3 ‘Zircorn . X
Quartz .. _ __________ 19 Apatite __________ X
Texture _______ . G

An assay of a character sample by the United
States Bureau of Mines gave the following results:

TiO:
0.50

Insoluble
12.3

Total Fe P S
42.4 2.40 0.03

Sample No.

High phosphorus probably is due to apatite gan-
gue adhering to magnetite. The magnetic fraction
contains 92.6 percent of total iron.

The position of the walls of the mine indicates
that the strike of the ore zone is N. 10° E, The dip is
vertical, The wall rock shows a very strong mineral
lineation that plunges 15° to the north. The thick-
ness of the ore zoneis obscured by water and vegeta-
tion, but it is probably not more than 12 feet.

The Hogback group of open-cuts is on the top of
the hill some 0.25 mile north of the Rutgers mine.
The main pit is about 100 feet long by 20 feet wide

Examination of a diamond-drill core from the
largest of the open pits shows that the main ore
body is assaciated with white and pink pyroxene-
microantiperthite granite and syenite gneisses of
the Lyon Mountain granite gneiss. The rock is, in
part, a skarn migmatite. The pyroxene layers are
widely spaced and, as the magnetite replaces the
pyroxene, the are likewise is widely separated. The
main ore body is divided into two zones: the upper
zaone has a true thickness of 16 feet and is separated
from the lower zone by 13 feet of unmineralized
pink pyroxene granite gneiss; the lower zone has a
true thickness of 11 feet. The hanging wall of the
upper zone and the footwall of the lower zone are
white pyroxene granite gneiss. The magnetite-
bearing rock of the two zanes, as seen in the drill
core, is low-grade ore to subare. Below the twao major
mineralized zones are five thin subore zones (fig.
23B). These minor zones all occur in a pink pyrox-
ene plagioclase syenite gneiss. Table 31 gives the
composition of rocks cut by diamond-drilling. The
location of diamond-drill holes put down on the
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LaVake-Rutgers-Hogback mines is shown in figure
24.

TABLE 31.—Modal composition of 6 samples of microantiper-
thite and plagioclase granite gneiss from the Hogback
mine (diamond-drill hole 40)

[G, Xenomorphite-granular; Gr, granular; X, present]

40-1 40-2 40-4 40-5 40-6 40-7
Microantiperthite. .......... E:Z .5 421.2 ?;;7 .2 3§ .8 1. Sl An
. nip nii o nz nig
Plagioclase. cvovivevessssanen { i4.2 71 3.7 | 12.2 | 44.1 167.5
Quartz...............o.ol 18.2 1.9 MY T 4.5 4.3
Pyroxene........oeevuuuvnn 5.6 9.1 25.8 31.1 31.2 25.5
Biotite....covviiianiineiiifien Tr, Tr. [....... Tr feviinns
Magnetite........coviiieneiforin... 37.1 27.1 14.0 18.7 |.......
Accessories................. 4.4 .5 6.1 7.8 1.4 2.6
Magnetite.............. D G P PO PP P PO
Apatite................ X e X X X X
Sphene................. X X D G R P X
Zireon...........ooven.n X oo p.¢ X X
Caleite.........00.uunn. D: S N PN P P X
Chlorite. ... ooovvvenefoneennn D S e A
Depth (feet)................ 26.2 67 121.3 34.0 36.5 37.8
exture.........oohiiiien G G Gr Gr

12.5 percent microcline,

The structure of the area is complicated. Surface
outcrops near the mine have an east strike and a
steep dip to the south. Surface outcrops on the east
and west sides of the hill show strikes slightly to
the west of narth with steep easterly dips on the
east side and steep westerly dips on the west side.
The outcrops show abrupt reversal of the direction
of dip. Drill cores indicate that the ore zones dip
to the north. Surface mapping indicates that the hill
is a structural dome.

Jackson Hill mines.—The Jackson Hill mines con-
sist of a series of open pits lying both north and
south of the road that runs northeast from Palmer
Hill. Smock (1889) says these mines were closed
about 1873.

The ore occurs in three parallel zones—one zone
lies north' of the road, the other two south of it.

In the middle zone the ore is a mixture of magne-
tite and martite in a quartz matrix, and in a pink
microcline and microperthite granite gneiss (fig.
25A). Gangue material from the dumps of the south-
ern pits shows much black to brown garnet replac-
ing pyroxene disseminated in the granite gneiss.
The immediate hanging wall and footwall is of
aphanitic diabase.

A diamond-drill hole put down about 1,000 feet
northeast from the most southerly of the old work-
ings (fig. 25B) intersected a thin subore zone in
quartz and microperthite granite gneiss. The hang-
ing-wall of this zone is hornblende granite gneiss
and the footwall is plagioclase granite gneiss. An
additional diamond-drill hole in the middle zone is
shown in figure 25C. Figure 26 gives the location of
diamand-drill holes in this area.

The ore is somewhat similar to that at Palmer
Hill. The composition of ores and associated gangue
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JACKSON HILL MINE
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FIGURE 25.—Graphic logs, Jackson mine. 4, Diamond-drill hole 63. B, Diamond-drill hole 65. C, Diamond-drill hole 67.

rocks is shown in tables 33 and 34. A character
sample from the dumps assayed by the United States
Bureau of Mines gave the following results. Of the
total iron, 95.8 percent is in the magnetic fraction.

Sample No. Total Fe 8

44.60 0.01

TiO:
0.85

8i0:
31.46

The ore zones have a strike of N. 10° — 20° E. Their
dips vary; in the most northerly workings they are
vertical ; in the others they range from 50° to 80° W.
Locally the direction of dip may reverse to the east.

Black Brook mines.—Two shafts are in the village
of Black Brook in the Ausable quadrangle. Qne
shaft, formerly the more important of the two, is
right beside the main road, just west of the church.
It is now completely filled in, and no observations are

possible. The other shaft lies some 400 feet north

948752—52—F5

of the main road near the cliffs on the east side of
the brook. This shaft is now filled with water, but
some vein material can still be seen.

TABLE 33.—Modal composition of 4 samples of ore and micro-

perthite granite gneiss from the Jackson Hill mine, south-
ern pits

[G, xenomorphic granular; D, dominant; X, present]

11831 | 1183Ar | 1183B1 | 1183Ct
Miecroperthite...................... Tr. 51.6 27.8 46.2
Plagioclase. ... .......ouuevnnunsn. {ronee Ams | Ane an
QUATtZ. oo oot 67.6 30.4 42.6 29.7

> T T T T e P P 3.4
agnetite. 31.8 5.5 24.9 f....a...
Accessories. . .6 4.1 . 1.6
Magnetite. . .......oooeieiineeiiiiini]iieiciea]oeneniien
Apatite. . ... oo D S P N
ZATCOM. o o v vviviinnennninnanns D ... X X
Spheme..........ovviiiiiiinn]ieniinnn D |......... D
orite. . ...oviiiiii e e X D feeeiiennn
Caleite. . ...oovviineiiiinnenneifenannnans D S PO D
Magnetite (percent by weight)s...... 48.0 [......... 39.8 [ceeiennnn
Metallic iron (percent by weight)3. ... 4.7, 28.8 |oeea.nn..
TeXtUre. «o.ovoeiiiiinnnecennnnens G G G G
1 Collected from dumps.
2 East wall of pit.
3 As calculated from the mode.
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TABLE 34.—Modal composition of 11 samples of ore and associated rocks from Jackson Hill mines, drill holes 63, 65 and 67

{X, present; G, xenomorphic-granular; Gr, granular]

Microeline

Microperthite. ........... eeveesen
Microperthite and microantiperthite.
Microantiperthite.................

Plagioclase.,.... Beieereiiiiraeans

O

Martite. .
Accessories........ccoiiuunn Ceeens
Magnetite......covvnuiennnan.
Sphene.....ccvciviiieiiaiinn
Apatite. .
Zircon. . .
Calcite. .

117.8 119 141
G G

1 Local shear zones.,

63-1. Plagioclase granite gneiss,

63-3. Plagioclase granite gneiss.

63-4. Subore in microcline granite gneiss,
63-5. Ore in microperthite granite gneiss.
63-6. Quartzose ore.

63-7. Ore in microperthite granite gneiss,
65-1. Hornblende microperthite granite gneiss.
65-2. Magnetite bearing quartz vein.

65-3. Hornblende mieroantiperthite granite gneiss.
65-4. Magnetite plagioclase granite gneiss.
67-2. Magnetite microperthite granite gneiss.

As seen in the shaft north of the main road and in
the meager dump material, the magnetite occurs in
a pegmatite composed of quartz and both pink and
white feldspar. Nearby outerops are composed of
biotite granite gneiss with innumerable blebs and
contorted stringers of pegmatite, similar to those
described on Duncan Mountain. Thin layers of am-
phibolite are also present. The foliation of the gran-
ite that encloses the pegmatite hag a strike of N. 80°
E. and a dip of 35° N.

Composition of a sample (No. 1020) of microperthite granite
gneiss associated with the ore vein

Microperthite and Accessories ___________ 9.5

mierocline __________ 68.1 Magnetite ________ X2
Plagioclase ___________ 14.9 Zircorn __________ X
Quartz ______________ 22.1 Apatite __________ X
Biotite _______________ 4.3 Epidote . ______ G
Texture G

1 Altered.

2 Euhedral.

A reconnaissance dip-needle survey over the shaft
by the road gave a zone of moderate attraction that
extends west from the shaft for 600 feet. A similar
survey over the water-filled shaft showed a zone of
moderate attraction extending over a distance of
100 feet in the immediate vicinity of the shaft. This
anomaly does not cross the brook to the west.

Cook-Battie mines—The Cook-Battie (also known
as Beattie) zone starts on a hilltop 0.5 mile north-
west of Lily Pond in the Ausable quadrangle and
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MAGNETITE MINES AND PROSPECTS 61

BATTIE MINE D.DH. 10 EXPLANATION
DDH. 5 DDH. 7 DDH. 10 (continued) DDH. 31 Feet s
— e —_— M PN
HEMEEEN RSN T T I [P NCRTAS SETSSS ¥Scess
= : Pl K o -
7s15110A vt s 2222 1251119 o s=2 23 - Overburden
ARATARAY AR Er 2oy eriz ST,
AT 2y s ARV N AV P2 e e e |- R
T2 S 232 5= \S 7NN Y }/1\,11;*"‘% i + +
AR R e A FF RN S RATARIAN Diabase
A 2 NN PR E R \‘LJ:\J/ ?51‘;3‘-—75\/;} T -
LN TIN G272 AT NIRRT Si2vrAr sa-g AL * ko
NI oNTY PRSP A AN RIS IAficie 1y = <—Orezone |_
1 \ PRI A A RPN AR Ay ey PR
IEAAREEAT AR D 125751112 ey '4/\‘#"-; Pegmatite
{:C‘:T::\z R NIRPIA P1~AIFAZy T E55m s L 50 cgma
1l122~1 Lo et SN - # —+ —_—
RSN et reFre iy LA IRELACTO! SISE
- . AT FINIS TS = s
s o Tl R 1352533 R ST
Rt + + NSNS SIS eN A 242414 Microantiperthite granite gneiss
LT1TeVSL . . ;')l.q,t-f e L1157 Soo oo
TyeTINVS + + Vs AN PRI RN
25Ty N e, NN LN 7 2l XX D N
lezi¢ATLm + . [N A bl [2,102.22 VIO L h .
12217 1vIN . . . 1/: (,/ \’r\’; ~111“:S'}£‘ﬁ( ,r/\l<\\>\:—r Plagioclase granite gneiss
AN Rl + + AR ’ ~ ALY
- LN (IR Y Y 7 N}
1182vreld — = - ANV ®
A~ AT = ijlzil;llr }”‘\"/l\l{\/\’ ‘Tlf.:',’\_.\,; noS 2z ¥
:Zﬁ.’lfif.’ NS EY] \\U ,\1\\‘\\ ‘/z\lr,f\r“; — Microperthite granite gneiss
N .
S S XS fiaistad PPy LN
heblrer1r ez N1 sl NS . CIAE
R IR YN 11711721 \/ﬁ"X\’» < Ore zone
e e A 1o =21, s X Ma ranite gneiss
LriEoENR 7 ATy Y SN ;
SHTRINCR 12} 710701 PERE R H
e Or® ZOne SlaN N NT =5 7Vl
Ay I @ mVin o ’/l*\"‘\ //“1“§§,,>,,2/ AN £ >
IR TR VL AL A ANy Le\‘ /,'\',,';\ . _
R IF LR 2w 1ev N N PPN Skarn migmatite
LEoHCH 1% L ldo#1e NS ¥ SHl AT 22 ]
IVSUSAPTI ore eswomlnt PN NN T x x 1«
Lwileyi it Ol zone AR PaxUANND /1}4«:“;\‘ q'T B XX o« % ox
) Vv - = = 0y
IO, SNl (INET M ST Pyroxene-contaminated granite gneiss
e —<—Orezone V2~V pN g T ~Ior o N =21/ =
RESENT (XS ATE~ SRR SR NV ey s 4 & 8 &
b 170, % 7 7 1212 AN YRS JIor I me s AP SN a a8 a4
- 1o 2142 ES AN Tl N
'11:;i:1;1x‘ \2.'/;1‘/',1171[ A o 24y Pyroxene skarn
Ry R SSEETIEY I zn o T
VrlIrl=1r] SR d AN (0 1 ‘\\,\\\\
AR ARV 1,14~ ,10 =1 /:; i} AT
1rZyviiz-s IV R VAV ALY — =4 Feldspathic pyroxene gneiss
,1.;1f1\/1r 3\31.’1'1‘;11 = “
1 l-2~ 1IN, IOV - R ——y
TS TN Npresi ] SN LITIITL
EA Y AN Yo | }»-(‘;/1\51‘ NS NN S~~~
s1asatlae VN TINN R o Biotite schist
s Syirosn 2 L/, 4
- i2ibiale R BN
~ SO N
P i Lot anawg] 12 1N 2%y S #wFoEE-
IRV EESTIEATY o R AN NI RN HE B F
ALY SR RSP ARAA ) BRI i Amphiboiite
le121irineg \A vz 71 s~V s\ Ty
3T o~ o1 Aol 11749\ ]81S
Lt e AL N1 TL L2
N VAINA SR aa] =,V >N
e %—~Ore zone  [1V174 /12 4 - N ’
aa8aaaa e 2SN AN Al
IV N T YA E]
EOEIERD 2V INAN AN Pyroxene
SR AN AN 7
ARrUNSTAN ARSI RN RN,
AR YAYEG Tolsq7 212 7Sy eI~
AR S ERAY: .
T Orezone  [InS e SLN Biotite
NN W 2T IIRT
. LAinNTIe 1IN YIRS NAY! vy TrA ST
Lol e ISE M 12\ re1rs LA 1P
03 adeq 101t P rroen -
.\ - 1129822581 o * oy Chlorite or chioritized pyroxene
xS kS 12N 1= 224N T w el
® o H g pu PER RS = == - A XN
A #-x IPIEWATRS )Qx/\»\\\, SR
n;I,m;gJ.- L \\1,\:,.‘1\\ +. R X
wéawendy i
o}am /=W l\\,‘\l:\/ Scapolite
—u ANy~ RSV
B o s \,\ ,)/rrr_
A Y AR /\\\1\\’.
SO b, 1l z Mineral symbols used afone indicate a granite
S A =T N, gneiss containing the designated mineral
\{.—\, ~4 1}”‘17..(
N
Vi e "“‘\\\‘.‘_‘,\T
PR A [
[ Red alaqeragay . .
=t ‘:ZA\A,’\,\ L By permission of Republic Steel Corp.
"';\,l o fl‘}ZAQ,{Zf Logged by A. Wiltiams Postel
|o'/‘-,,"" VAN \y
AL‘/\’\-IV/\)AA_'
i7NTez
1oN1AZAZTL
SeLAIsar
¢~ Ore zone
TLAT A Ay
R R
P AR
—~400

FI1GURE 27.—Graphic logs, Battie mine. 4, Diamond-drill hole 31. B, Diamond-drill hole 5. €, Diamond-drill hole 7. D, Diamond-drill hole 10.



62

runs northward for approximately 1.5 miles, ap-
proximately parallel to the 75° 85’ meridian, into the
Dannemora quadrangle. The Cook workings are in
the Ausable quadrangle and the Battie workings
are in the Dannemora quadrangle.

Old dip-needle work is inconclusive in showing
continuity of mineralization between the two min-
ing centers, and no new dip-needle work was under-
taken. Emmons (1842, p. 320) however, claimed
that the Cook ore body may be traced into the
Battie ore body by surface ore for 1.5 miles. Both
Newland (1908, p. 104) and Kemp and Alling (1925,
p. 100) also say that the Battie mines are on a con-
tinuation of the Cook mines; this continuation,
however, has not been proved. A rather intensive
diamond-drilling program was carried on in the
early part of the century on the Battie area.

No information is available on production from
these mines. The Cook mines, according to Kemp
and Alling (1925, p. 99), were opened prior to 1838
and were last worked in 1856.

The Cook mines are represented by two groups of
workings in the Ausable quadrangle. The most
northerly workings lie 0.6 mile due east from the
railroad spur at Ferrona. The mine here is an open
pit 300 feet long by 8 feet wide by 20 feet deep; this
pit is paralleled closely on the west by another pit
50 feet long by 8 feet wide by 20 feet deep. The
southern group of workings lies 0.8 miles S. 50° E.
from the railroad spur at Ferrona. The main open-
cut is 200 feet long by 50 feet wide and has a depth
of about 40 feet; the pit branches to the north. This
open-cut is paralleled to the east by another cut
200 feet long by 30 feet in width and depth. Accord-
ing to Emmons (1842, p. 301) the north group con-
sisted of four veins, 2, 8, 6, and 18 feet in width.

In the western cut of the north group magnetite
ore is about 6 feet in width, associated with a pink
biotite granite gneiss; this gneiss in turn is asso-
ciated with a pyroxene granite gneiss containing
occasional bands of amphibolite. In the south group
of pits the magnetite lies in a pink pyroxene granite
gneiss with amphibolite schlieren. )

A thin section of subore loaned by H. L. Alling
had the following volume-percent composition (as
estimated by Postel) :

Microperthite _________ 25 | Clinopyroxene __.________ 40
Plagioclase ____________ 5 | Magnetite _______________E(B
Quartz 10 100

The north group of pits has a strike of N. 12° E.
with a dip ranging from vertical to 75° W.; mineral
lineation plunges 35° to the north. The south group
of pits has a strike of N. 20° E. and a dip of 50°
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to 70° W. The branching of the main pit to the north
is suggestive of folding. In nearby outcrops to the
west and southwest mineral lineations plunge
from 15° to 30° to the north.

The Battie mines are in the Dannemora quad-
rangle 1.6 miles S. 23° W. from the road intersection
at Harkness, at an elevation of about 650 feet, about
a mile north of the north group of pits in the Cook
mines. The mines were last operated about 1858.
The main pit, now flooded, is about 300 feet long
by 25 feet wide. The vein was further exposed for
500 feet to the south by trenching; the trench is
now slumped and covers the ore zone. Emmons
(1842, p. 303) states that the vein when exposed
had a width of 18 to 14 feet.

The rocks associated with the Battie ore show
greater variety than those in any other mineralized
area in Clinton County (table 35). A diamond-drill
hole (fig. 27A) 1,200 feet south of the main open-
cut exposed three ore zones separated by 14 feet
and 65 feet of unmineralized rock. The upper ore
zone contains magnetite that has replaced a micro-

EXPLANATION
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FIGURE 28.—Location map of diamond-drill holes at the Battie mine.
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TABLE 35.—Modal composition of 19 samples of rocks

from Battie mine, ditimond-drill holes 5, ?, 10 and 81

[X, present; C, cataclastic; Cl, recrystallized cataclastic; Gr, granular; G, xenpmorphic~granular]

52 | 5-8 | 54 | 5-6 | 5-6 | 5-7

7-4 10-2 31-1 | 31-2

Microcline
Microcline and
microantiperthite
Microperthite
Microcline and
microperthite.........
Microantiperthite

Plagioclase
Seapolite

.......

OXene. . ... u st
Biotite.....
Chlorite. . ..
Magnetite. .
Accessories

Apatite. .
Zircon, . .
Calcite. . .
Sphene

Depth (feet)
Texture

1 Some microantiperthite.
2 Serpentized.

5-1. Quartzose biotite-pyroxene gneiss.
5-2. Ore in plagioclase-pyroxene gneiss.
5-3. Biotite-microantiperthite granite gneiss.
5-4. Pyroxene-scapolite-plagioclase granite gneiss.
5-5. Pyroxene-biotite amphibolite.
5-6. Pyroxene-contaminated microperthite granite gneiss.
5-7. Plagioclase-pyroxene gneiss.
7-1. Amphibolite.
7-4. Biotite amphibolite.
10-1. Biotite amphibolite.

antiperthite granite gneiss. The hanging wall is a
biotite amphibolite and the footwall is a grey biotite
plagioclase granite gneiss. The middle ore zone is
similar to the upper ore zone; its hanging wall is a
pink biotite granite gneiss and the footwall is a
dark, brecciated scapolite-pyroxene amphibolite. The
lower ore zone is similar to the foregoing zones but
has a little more pyroxene in the gangue. The hang-
ing wall is a pink pyroxene granite gneiss and the
footwall is a pinkish biotite-plagioclase granite
gneiss. \

A diamond-drill hole (fig. 27B) that intersected
the ore of the main open-cut exposed three mineral-
ized zones. In all three zones magnetite replaces
pyroxene-microantiperthite granite gneiss and plag-
ioclase granite gneiss. The hanging wall and footwall
of the ore zones are amphibolite and biotite amphi-
bolite. The magnetite, as seen in thin sections,
replaces material that has cataclastic texture. The
ore zones are underlain by a biotite-microantiper-
thite granite gneiss.

A drill hole (fig. 27C) 300 feet north of the open-
cut reveals two thin magnetite zones separated by
about 20 feet of barren rock. The magnetite replaces
coarse feldspathic skarn and pink pyroxene granite
gneiss; the hanging wall and footwall of the two

3 Chloritized.
4 With serpentine.

10-2. Pyroxene amphibolite.

10-3. Ore in chlorite-biotite gneiss.

31-1. Subore in microantiperthite granite gneiss.
31-2, Chloritized microantiperthite granite gneiss.
31-3. Biotite-microperthite granite gneiss.

31-4, Scapolite-pyroxene amphibolite.

31-5. Biotite-plagioclase granite gneias.

31-6. Pyroxene-biotite-plagioclase granite gneiss.
31-7. Biotite amphibolite.

spathic skarn. The whole zone is topped by a pink
to greenish pyroxene-biotite granite gneiss and bot-
tomed by a white to greenish biotite-pyroxene
granite gneiss.

In a drill hole (fig. 27D) 1,500 feet north of the
open-cut only one ore zone is penetrated. The mag-
netite is in a matrix of biotite and chloritized and
serpentinized pyroxene. The hanging wall is a pink
biotite granite gneiss and the footwall is a whitish
to greenish chloritized granite gneiss. The location
of this and other diamond-drill holes is given in
figure 28. A character sample assay made by the
United States Bureau of Mines gave the following
result. The magnetic fraction contains 94.1 percent
of the total iron.

TiO:
0.57

Total Fe
54.10

]
0.12

8i0:
18.14

Sample No.

Volume-percent composition of sa'rﬁple (R 72) from outcrop
of hanging wall of Battie mine open-cut

[X, present; D, dominant]

Microcline and Accessories ___________ 3.0

microperthite _______ 51.2 Magnetite ________ D!
Oligoclase ____________ -8.2 Zircon ___________ X
Quartz _______________ 85.7 Chlorite ... _____ X
Biotite . _______ 1.9

zones are feldspathic skarn and biotite-bearing feld-

1 Euhedral.
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An old magnetic map shows anfanomaly that is
parallel to and about 700 feet east of the old work-
ings. This anomaly was not explored by drilling.

Surface outcrops in the vicinity of the mine have
a strike of about N, 30° — 40° E., and dips are pre-
dominantly vertical, though steep dips to the north-
west and southeast may be seen. The hanging wall
of the main open-cut has a strike of N. 45° E. with
a dip of 75° SE.; a strong mineral lineation plunges
30° in a northerly direction. Examination of the
foliation of drill core adjacent to the open-cut shows
that the dip reverses to the west underground.

Winter mine.—The Winter mine is in the Ausable
quadrangle and lies 0.3 mile S. 30° E. from Lily
Pond. Newland (1908, p. 105) says that three or
more small mineralized zones occur here. The zone
that was worked had a width of about 10 feet. The
ore zone is cut by numerous diabase dikes. Thin
sections of material from the wall rock loaned by
H. L. Alling have the estimated volume percent
composition shown in table 36.

TABLE 86.—~—Composition by volume of & samples of wall rock
from Winter mine

[X, present; C, cataclastic texture; G, xenomorphic-granular]

1094A 1094B 1094C
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Newland (1908, p. 105) says the strike of the zone
is somewhat west of north with a nearly vertical
dip that changes to nearly horizontal toward the
north. Nearby outcrops strike N. 50°W. and are
vertical in dip.

Mace mine—The Mace mine is in the Ausable
quadrangle and lies 0.3 mile N. 40° E. from Lily
Pond. The mine is an open pit 500 feet long by about
3 to 10 feet wide.

A diamond-drill hole (fig. 29) put down on this
mine shows that the hanging-wall of the ore zone
is a pale-greenish magnetite-microcline-microanti-
perthite granite gneiss. The ore zone appears merely
to represent an increase in the magnetite content of
the hanging-wall granite gneiss. The footwall is a
white to pinkish magnetite-microcline-microper-
thite granite gneiss. The rocks of the ore zone, the
hanging-wall, and the footwall show well-developed
cataclastic textures.

The hole examined cut an ore zone with a true
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thickness of about 4 feet. Table 37 shows the com-
position of samples from this hole. An assay of dump
material by the United States Bureau of Mines gave
the following results. The magnetic fraction contains
97.3 percent of the total iron.

Total Fe 8
48.30 0.01

TiO:
0.91

8i02
27.68

Sample No.

Nearby outcrops strike N. 10° E. and dip 60° W.

Mitchell prospect.—The Mitchell prospect in the
Dannemora quadrangle is represented by two test
shafts. The more important of the two shafts is
near the east bank of the Little Ausable River, 0.65
mile N. 5° W. from the schoolhouse at “B.M. 1044.”
Mr. Henry Mitchell, a resident in the vicinity, says

TaBLE 87.—Modal composition of 5 samples of ore and asso-
ciated rocks from the Mace mine, diamond-drill hole 25

[C, cataclastic; Cl, recrystallized cataclastic]

25-1 25-2 25-3 25-4 25-5
R{dicroclljne ............. sl el sl
icrocline and microperthite....{........ 41.2 44.5 ........
Microcline and microantiperthite. > 22 1 S I R PO 37.9

Plagioclase

Depth (feet).................. 72
TeXtUre. .. .vovvrveeranonraaas C Cl C C1

1 Crushed too fine to separate.

TABLE 38.—Modal composition of 4 samples of ore and rocks
from dump of Mitchell test pit

[X, present; D, dominant; C, cataclastic; G, xenomorphic-granular]

Microperthite........... convvvinieen i fennil 1.4
Microcline and mieroperthite............

Plagioclase. .......coovvveiiineiiinnnnn

Quartz. .............cieuun..
Clinopyroxene. .. ....oe.0vv..
Hornblende..................
Biotite. ....covieneniiaiin...
Magnetite. . . ..
Accessories. .
Apatite.
Zircon. . . .

Magnetite (percent by weight)!. .. .......|........ 2
Iron (percent by weight)l................|........] 83.7|........ 1
Texture. .. ovvveeiinenonreanaraennnnn C G C G

1 Computed from mode.

Mit. 1. Microperthite granite gneiss.
Mit. 2. Quartzose pyroxene ore.
Mit. 4. Quartz vein material.

Mit. 5. Quartzose pyroxene subore.
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the shaft was sunk vertically for 85 feet and a drift
was then driven 55 feet to the east.

Magnetite-bearing rocks on the dump near the
shaft indicate that the ore is in granitized skarn,
quartzose skarn, and sheared quartz. Table 38 gives
the compositions of ore and rock material. The rocks
that crop out near the shaft are pink granite
gneisses that carry pyroxene, hornblende, and bio-
tite in varying amounts.

Outcrops on the hanging-wall side of the shaft
strike N. 30° W. and dip 55° E. Outcrops on the foot-
wall side of the shaft strike N. 30° W. and dip 65° E.

Lynch prospect.—The Lynch prospect lies on the
crest of a small hill, 1,540 feet above sea level at a
distance 1,400 feet N. 57° E. from the head of the
Little Ausable River, as shown on the topographic
map of the Dannemora quadrangle. It is 13,600 feet
south and 2,100 feet east of the intersection of lat.
44°45’ and long. 73°40’.

The crest of the hill is composed of a medium-
grained pink biotite and pyroxene granite gneiss
containing local thick sheets of coarse green pyrox-
ene-garnet skarn. Magnetite occurs as a replacement
of this skarn. Some of the magnetite shows inter-
esting secondary quartz rims.

Two shallow test pits have been dug in the mag-
netite-bearing skarn. The footwall of the ore is a
pink pyroxene-contaminated syenite gneiss; the
hanging wall is a granitized skarn. Table 39 shows
the compositions of these materials.

TABLE 39.—Modal composition of 3 samples of ore and ass‘o-
ciated rocks from the Lynch Prospect

[X, present; G, xenomorphic granular; Gr, granular]

Mierocline. .........oiiiiiiiiiiiiiian
Microperthite. ..........oooo it

Plagioclase........ooovveiiniiiniiiinrianas

Magnetite (percent by weight)?
Iron (percent by weight)3

1 Footwall.
2 Hanging wall.
3 Computed from mode.

617. Ore.
617A. Pyroxene-contaminated microperthite syenite gneiss.
617B. Pyroxene-contaminated plagioclase granite gneiss.

The rocks of the Lynch prospect strike N. 10°-
20° E. and dip 40° W. Small, intricate folds occur
on the hanging-wall side of the ore. As exposed in
one of the test pits, the ore vein is about 5 feet
wide.
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A reconnaissance dip-needle survey of the area

indicated discontinuous zones of magnetic attraction

extending for a distance of 1,800 feet. High mag-
netic attractions do not exceed 30 feet in length
parallel to the strike. The airborne magnetometer
survey showed no attraction over this locality.

Rock ore bed.—Witherbee (1916), in his location
map of Adirondack iron ore, shows that this ore
bed is on the north side of Slush Pond, south of the
west peak of Slush Pond Mountain, in the south-
west corner of the Dannemora quadrangle. The ore
was reported to be 10 feet thick, but the bottom
“was not observed.”

Field investigation by A. F. Buddington (personal
communication) indicates that the magnetite zone
is 500 feet south of the “n” of Slush Pond (see plate
1). The dip-needle survey showed two anomalies
with maximum lengths between 500 to 700 feet.

A dump by an old pit indicates that the magnetite
is in a granite gneiss. A near by outcrop had mag-
netite in a feldspathic hornblende skarn. This out-
crop has a strike of N. 20° W. and a dip of 70° E.

DANNEMORA AREA

The mines of the Dannemora area include the
Averill, Ellis, LaMar, and Russia Station magnetite
concentrations. The first three are in and near the
town of Dannemora in the northwest corner of the
Dannemora quadrangle. The Russia Station locality
is on the southern end of Johnson Mountain in the
Lyon Mountain quadrangle. Ownership of the first
three mines is largely in private hands. The largest
part of the Russia Station zone is owned by the
Republic Steel Corp., though small parts of the area
are owned privately.

Newland (1908) included this area in his descrip-
tion of the mines of the Saranac Valley; he stated
(p. 35) that to the end of 1906 the Dannemora and
Saranac Valley areas produced 500,000 long tons of
ore. The Averill, LaMar, and Ellis mines occur on a
discontinuous line of magnetic anomaly over a
linear distance of about 2.5 miles (Donnerstag,
1945). The overall production from this group was
probably small.

Averill mine.—The Averill mine is within the vil-
lage limits of Dannemora, about 0.1 mile west of the
prison walls. It was opened in 1842 (Newland, 1908,
p. 126). The working consisted of an open-cut about
300 feet long by 30 feet wide. At the east end of the
cut the ore was followed for a short distance under-
ground down the dip. All the workings are now
flooded. No ore specimens are obtainable. In the pit
the hanging-wall is seen to be composed of a gran-
itized pyroxene amphibolite.
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Modal composition of a sample (No. 303) from the hanging
wall, Averill pit
[G, Xenomorphic-granular]

Microcline . ___ 13.9 | Accessories:

Quartz . ______ 9.2 Apatite __________ 0.3
. 15.9 Magnetite ________ 12.9

Plagloclasg _________ (Angy)

Clinopyroxene ____._.._ 10.3

Hornblende . ______ 374

Texture O — G
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At the northeast end of the pit, a pink pyroxene
granite gneiss carrying numerous pyroxene skarn
inclusions is exposed. It is probably this rock that
was mineralized to form the ore body. The strike of
the pit is N. 50° E. and the dip is 10° to 30° NW.

Ellis ore pits.—A detailed descripton of the Ellis
ore bed (pl. 3) has already been published (Donner-
stag, 1945). The pits may have been opened about
the same time as the Averill mine. The Ellis ore
pits, three in number, are near the Ellis road, about
1.7 miles from the intersection of the Ellis road with
the Rand Hill road. In all the pits, the ore occurs in
a medium-grained, foliated, feldspar-pyroxene rock
interpreted as granitized skarn. The color ranges
from dark green to pink, depending upon whether
green pyroxene or pink feldspar predominates. Local
pegmatitization produces very coarse aggregates of
pyroxene and feldspar. As seen at outcrops, the foot-
wall side of the ore body is underlain by amphibolite
and a complex of plagioclase granite gneiss and py-
roxene granite gneiss. The hanging-wall side of the
ore body is a low-mafic microcline granite gneiss.

Where cut by two short diamond-drill holes by the
United States Bureau of Mines, the immediate hang-
ing-wall and footwall are composed of a pyroxene-
contaminated microantiperthite quartz syenite
gneiss and a pyroxene-microperthite granite gneiss,
respectively. The texture of the rocks from the dia-
mond-drill holes is strongly indicative of recrystal-
lized cataclastic minerals. Table 41 gives the petro-
graphic analyses of material from the two holes.

Diamond-drill hole 1E was abandoned at a depth
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of 26.5 feet, when the drilling hit underground
workings. Diamond-drill hole 2E (fig. 30) cut 12.2
feet, true thickness, of ore. The assay of this ma-
terial by the Bureau of Mines gave 20.7 percent
metallic iron over an apparent thickness of 15.1 feet.

The following tables show the composition of ma-
terials collected from the old workings (table 40).
The assays of channel samples (fig. 81) (table 42)
and diamond-drill cores (table 43) from the ore zone
are reproduced from the Bureau of Mines Report of
Investigation 4002 (Bardill, 1947a).

TABLE 40.—Modal composition in volume percent of 5 samples
of Ellis ore and barren rock

[X, present; Cl, recrystallized cataclasti

ic; G, phic-granular;
rl, local shearing]

P285C! | P285A!

Microeline. ......ooovvvvnin.
Microperthite. .........

Microantiperthite
Plagioclase. .............ooon
Quartz. . ... .iiiiiiiiiiee
Hornblende............

Clinopyroxene. .
Biotite. .......

Magnetite (percent by weight)®. .
Iron (percent by weight)s
Texture. . ... DN

1 0ld ore pit at 100 feet N, 250 feet W base-line coordinates. .
2 Old ore pit at 900 feet N, 320 feet W base-line coordinates.

3 Old ore pit at 700 feet N, 270 feet W base-line coordinates.

4 Some microcline present.

s Computed from mode.

P285. Pyroxene-contaminated microperthite syenite gneiss.

P285C. Pyroxene-contaminated microperthite syenite gneiss.

P285A. Biotite-pyroxene-microantiperthite syenite gneiss.

P288. Pyroxene-contaminated microperthite syenite gneiss.

P290 .Pyroxene-hornblende-contaminated microperthite syenite gneiss,

TABLE 41.—Modal composition of 11 rock samples from Ellis ore bed, diamond-drill holes 1E and 2E
[D, dominant; X, present; Cl, recrystallized cataclastic; Gr, granular; G, xenomorphic granular]_

1E-1 1E-2 2E-1 2E-2 2E-3 2E-4 2E-5 2E-6 2E-7 2E-8 2E-9
Microcline. ........oo.oovvevninennniniennenieee e Tre Jeeennnnn —
} .......... 39.7 50.4
Microantiperthite................ 86.2 55.3 [...oiinnn Tr Tro |oeeennne.
29.6 50.5 68.6 |...ovvveiifieinnninns
Microperthite. ..............oo ool e N AA ........ A A
1 . i nio Ny NI oo e DIl |ievsvseese
Plagioclase 10.3 71.9 70.6 65.1 7. 20.5
Quartz.............. 35.6 25.6 10.2 30.2 2.2 20.8 2
Clinopyroxene...........coovvven|ivnnna . 488 1o i 118.1 5.9 |oievan...
Hornble PR S - 2 P AP R 5 ¥ S - 2 PR S 13.8 2.7 e
Biotite.o.ovvveeniiii il 1.2 .8 2.8 /& T N Tro |oeeeennons
Magnetite......... S e - 20 T O e+ R O T S [ 6.4 9
Accessories 2.4 1.7 2.5 1.9 4.0 .3 7
Magnetite. .. D D ) 5 2 U PP
Apatite........ccovvvvviii i X D e D S PO Y P D X
Sphene............ooiiiiiiiiinien il X X e e e X X X
Zircon X X X X X X X
Chlorite X X X D R D
Caleite. ...........oooevvun| X0 oo . S D S I
Depth (feet) 17.7 24.6 28.0 30.2 43.0 62.4 72.5
(5471 ¢ 1NN C1 1 1 Gr 1 Gr Cl

1 Some hornblende present.

1E-1. Microantiperthite syenite gneiss.
1E-2. Microantiperthite syenite gneiss.
2E-1. Microantiperthite granite gneiss.
2E-2. Hornblende-plagioclase granite gneiss.
2E-3. Biotite-microperthite granite gneiss.
2E-4. Plagioclase granite gneiss.

2 Some pyroxene present.

2E-5. Hornblende-plagioclase granite gneiss.

2E-6. Hornblende plagioclase granite gneiss.

2E-7. Pyroxene-microantiperthite-quartz syenite gneiss.
2E-8. Pyroxene-microantiperthite granite gneiss.

2E-9. Hornblende-microantiperthite granite gneiss.
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Section 4,
Samples 7,8

Section 3, Samples 56
Section 2, Samples 3,4

LOCATION FOR CHANNEL SAMPLES

Modified from U.S. Bureau of
Mines (Bordill 1947)
N 27°E Base | line L {
3 4 5 6 7 E) 10
100 0 300 Feet
Liadade vl 1 |

FiGURE 31.—Magnetic-anomaly map and assay section of the Ellis ore bed.

TABLE 42.—Assays of 9 channel samples from the Ellis ore bed

Soluble {Magnetic
Length '© Fe P 8 TiO: Insol.
Sample No. | (feet) |(percent)|(percent)|(percent)|(percent)i(percent)|(percent)
Section 1:
994-1.. 1.0 50.70 49.70 0.17 0.060 0.48 31.30
994-1a 5.0 47.00 44.20 1.15 .090 .43 24.30
994-2.... 5.0 41,90 39.70 2.30 .160 .38 21.40
Section 2:
4-3 5.0 36.60 34.70 .36 .018 .48 43.00
994-4, 5.0 29.20 25.80 .10 .008 .53 54.80
Section 3:
994-5. 3.0 37.50 35.00 .90 .022 .40 38.90
994-6. 5.0 22.70 19.00 1.03 .018 .35 57.70
Section 4:
994.7.... 3.3 20.70 18.40 .31 .022 .53 65.70
994-8.... 5.0 15,70 13.70 .42 .022 .48 71.90

A typical test on the composite sample of samples
994-3 through 994-8 crushed to minus 65-mesh
showed :

Total |Soluble [Magnetic| Ratio

Fe Fe Fe TiO: | Imsol. of
percent| percent| percent | percent| percent| percent; percent| conc.
Heads...... 31.00 | 27.50 | 24.00 [ 0.77 | 0.06 | 0.46 | 62.40 |......
Concentrates| 67.00 | 66.8 |[........ .05 .06 .66 | 4.30 2.5
Tailings. ... . 7.0 2.80 |........ 1.15 .10 1.60 ) 85.7 |......

Iron recovery based upon total-iron analysis was
86.6 percent.

TABLE 43.—Assays of L samples from hole 1E and 16 samples
from hole 2E

Hole 1E
[Coordinates: N. 10,213, E. 9,804. Elevation, 1,791 feet]

Depth in feet
Sample Total Fe | Magnetic Insol.
No. From— To— (percent) Fe (percent)
(percent)

0.0 5.0 10.10 |.......... 78.6

5.0 7.5 17.80 14.10 71.8

7.5 12.5 15.20 10.60 75.1
12.5 17.6. 22.50 18.15 67.0

Hole 2E
[Coordinates: N, 10,243, E. 9,747. Elevation, 1,790 feet]

0.0 9.5 |eeeviiiidenianiin sesessran

9.5 12.3 6.33 |.......... 89.6
12.3 15.3 8.50 .......... 83.3
15.3 17.1 11.10 |.......... 78.4
17.1 21.0 5.65 |.......... 89.8
21.0 22.9 6.20 f.......... 87.4
28.9 31.1 9.50 [.......... 85.2
34.1 40.8 20.00 16.30 72.8
40.8 45.9 13.40 |.......... 78.0
45.9 50.0 20.40 15.95 68.9
50.0 55.0 26.10 21.40 62.6
55.0 61.0 30.20 25.00 51.9
61.0 65.0 11.00 §..eunnnn.. 82.7
65.0 72.7 8.8 |.........0 84.5
72.7 78.0 T.70 [.oooiian. 85.7
78.0 87.0 6.80 |.......... 86.0
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FIGURE 82.—Magnetic-anomaly map and assay section of the Russia Station ore bed.

1t is not possible to give a complete detailed inter-
pretation of the structural picture of the Dannemora
area. Actual contacts are generally covered. Dips
and strikes, particularly dips, change abruptly, and
the abandoned ore pits are partly flooded.

The major structural feature of the area is a rela-
tively broad and shallow syncline that plunges to the
southwest. Within the syncline are numerous small
anticlinal and synclinal flexures, which cause the
abrupt change in dips and strikes typical of the re-
gion.

The Ellis ore occurs on the southeast limb at the
extreme northeastern end of the syncline. The ore
zone strikes N. 30° E. and dips moderately to the
northwest. In diamond-drill hole 2E the foliation at-
the surface dips about 40°; at a depth of 80 feet the
dip decreases to 15°. Magnetic work indicates that

the ore occurs only on the southeast limb and part
way around the heel of the syncline. The tonnage of
ore in the Ellis zone is probably small.

LaMar pit—The LaMar pit is about a mile S.
30° W. from the Ellis mine. The anomaly on which
the LaMar pit is situated is not continuous with the
Ellis anomaly. Though more or less parallel with it,
the LaMar anomaly is offset about 500 feet to the
west. The ore (table 44) occurs in a granitized py-
roxene amphibolite somewhat similar to the host
rock of the Ellis magnetite deposit. The footwall is
amphibolite underlain by biotite granite gneiss and
low-mafic granite gneiss. The hanging-wall is a mag-
netite granite gneiss. The LaMar zone strikes N.
55 E.and dips 36° NW.

Russia Station.—The Russia Station magnetite

| crops out along the road bed of the Delaware and
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TABLE 44.—Modal composition of subore (sample 294) from
LaMar pit! (in volume percent)

[D, d 1ty X, p t; G, x phic-granular]
Microperthite and microantiperthite?..... 30.0 || Magnetite..... 11.3
Plagioclase (Anm)..oovvvennovenninnnn 24.1 || Accessories. ... 1.0
IAIbZ. .o 1.0 Apatite. . . D
linopyroxene. . ..........oiiininiaa.n 6.1 Zircon. . .. X
Hornblende..................... .00 26.4 Biotite. ... X
Magnetite (percent by weight)s. ........ ..o, 18.1
Metallic iron (percent by weight)? 13.1

TEXbUT . v 4 v s vanennsessnnnsneenonnnss o

1 At 4,200 feet south, 600 feet west from the anomaly base line.
2 Some microcline present.
8 Computed from mode.

Hudson Railroad at the southern end of Johnson
Mountain. The old shaft, now flooded, is said to have
a depth of about 50 feet. The mine was opened in
1852 and was closed in 1872. Peter Tremblay is
credited with having located this mine for Jerry
Phillips. (Written personal communication from
Daniel Tremblay of Redford, N. Y.) Production must
have been small.

Marginal magnetite concentration occurs in a py-
roxene-contaminated granite gneiss and in a py-
roxene-plagioclase granite gneiss (table 45). About
130 feet of these mineralized rocks is exposed in the
railroad cut. The Republic Steel Corp. in 1948 was
directing a diamond-drilling program to explore the
Russia Station magnetic anomalies. The TUnited
States Bureau of Mines took 26 channel samples
(fig. 32) for assay over a distance of 132 feet (78

TABLE 45.—Modal composition of ¢ samples of ore and gangue
rock from Russia station

{Samples were collected from east to west and numbered consecutively as given.
Symbols: X, present; Cl, recrystallized cataclastic; G, xenomorphic-granular;
Gr, granular]

399

Microcline............

Microperthite, ........ 1254.1 [ 1252.4 |........ oot
Microantiperthite. . ...{.....c.feviieei]ieneiia]ienneiii]ineanenn

Plagioclase

2.0l
e

Magnetite (percent by
weight)h.oo. ..o oo o
Metallic iron (percent
by weight)?

1 Some microantiperthite.

2 Orthoclase microperthite.

3 Computed from mode.

399. Microperthite granite gneiss.

399A, Pyroxene-contaminated microperthite-quartz syenite gneiss.
399B. Pyroxene-contaminated microperthite-quartz syenite gneiss.
399C. Pyroxene-hornblende-contaminated plagioclase granite gneiss.
399E. Hornblende-pyroxene-plagioclase syenite gneiss,

399F. Pyroxene-micreantiperthite granite gneiss.

GEOLOGY OF CLINTON COUNTY MAGNETITE DISTRICT, NEW YORK

feet, true thickness). The following assay informa-
tion (table 46) is reprinted from Bureau of Mines
Report of Investigations 4008 (Bardill 1947¢).

TABLE 46.—Partial analysis (in percent) of 26 samples from
ore zone at Russia Station

Sample Soluble | Magnetie
No. Fe Fe P 8 TiO2 Insol.
0.170 0.05 1.03 88.6
.150 .04 53 67.2
160 .05 .73 73.6
650 .04 1.88 83.1
340 .08 1.18 82.5
.024 .06 .43 73.0
.074 .05 .68 64.0
.076 .05 .48 65.8
.044 .08 .58 68.9
.065 .04 .43 74.1
.043 .01 1.08 72.6
.040 .00 .98 53.1
.046 00 1.40 79.3
.045 01 1.28 75.0
.056 01 1.18 63.1
.043 .00 1.38 80.9
.012 .01 1.48 83.2
.060 .00 1.53 69.4
.054 .02 1.28 68.9
.043 .01 1.08 63.0
.062 .02 1.43 63.8
.043 .00 1.75 78.9
.098 .00 1.35 73.8
.049 .00 1.28 78.5
.075 .00 1.68 78.1
.045 .03 1.63 78.8
0.099 0.025 1.14 73.20

Selection from the foregoing analyses gives a con-
tinuous true thickness of 22 feet of 21 percent sol-
uble iron to be taken near the center of the ore zone,
The richest part of the zone has a true thickness of
3 feet and assays 31 percent soluble iron.

The foliation in the rocks near Russia Station
generally strike north, although they deviate 25°
both to the east and to the west. It will be seen that
easterly deviations from the general north strike
lie on the east side of a reference line at about long.
73° 46’ and that westerly deviations lie west of it.
The main ore zone follows the westerly deviation.
All dips in the Russia Station are moderate to the
east. Small recumbent folds, the limbs of which are
separted by a few inches, overturned to the west
may be seen in the area. The axial planes of such
folds are parallel to the dip of the foliation. These
folds occasionally pass into small overthrust faults
in which the overthrust member rides up the fault
plane to the west. This structural pattern prevails
for some 2 miles north and south of Russia Station.
It is suggestive of a major, tight, northward-plung-
ing syncline overturned to the west (fig. 33).

The Russia Station ore zone is on the central mag-
netic anomaly, the so-called Phillips anomaly, of
three parallel anomalies which have already been
described. Old workings also lie on the eastern
anomaly, the Kimball anomaly, and on the western
anomaly, the Dorothy anomaly.

On the Kimball anomaly an old open-cut, now
filled with water, may be seen on the Miner farm,
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FIGURE 88.—Geologic map of the Russia Station ore bed.

which on the map is 1.5 miles S. 13° E. from the
numeral “9” in “B.M. 1489.” A pillar of ore left in
the open-cut indicates a true thickness for the ore
zone of about 8 feet. The ore is low to medium in

grade and is mixed with pyroxene, hornblende, and
plagioclase. The footwall is a pyroxene-microanti-
perthite granite gneiss and the hanging-wall is a
hypersthene amphibolite; see table 47. An area, 300
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FIGURE 34.—Longitudinal section of the Bowen-Signor mine.

feet by 30 feet, of high magnetic anomaly surrounds
this ore belt, which strikes N. 15° W. and dips 40° E.
An assay (sample 994-35) of this ore by the United
States Bureau of Mines gave 38.80 percent total
iron (Fe) and 10.54 percent silica (Si0,).

The material on a waste pile from an old test pit
(about lat. 44° 41°, long. 73° 47’) on the Dorothy
anomaly contains magnetite in pyroxene granite
gneiss. The magnetite content ranges from 30 per-
cent to 40 percent by volume. There is no outcrop
near the pit, but the structure probably conforms
to that near Russia Station. ’

TABLE 47.—Composition (percent by volume) of hanging wall

and footwall of magnetite body on Miner farm, Lyon
Mountain quadrangle
[X, present; D, dominant; G, xenomorphic-granular]
P350A P350B
Microantiperthite....................ooiienianen e, o 50.0
. N4
Plagioclase. ... ..oovieiiiinineeeieieienaan.n { 43.4 24.6
L Y N Tr.
ersthene............cooiiiieiiiiiniieen., 6.8 [.covvninn...
Cli 2.3 1T PN 11.2
Hornblende...........cooiiiiiiiiiiiiiiiiiin.., 43.3 [.oovvniin
Magnetite. ........ooiiiiiiiiii e e 13.9
ACCESBOTIES. . v var v it 6.5 0.2
Apatite X X
£ VR X X
Biotite, ...viuiiiiiiieii it X oo
Magnetite. .....oviiiiniiaiieniiiiinianaa., D
5.3 P G G

P350A, hanging-wall amphibolite.
P350B, footwall pyroxene-microantiperthite granite gneiss.

SARANAC VALLEY ORE BELT

The Bowen-Signor, Clayburg, and Tremblay mines
lie along a curved mineralized belt in the Saranac
Valley about a mile south of Redford in the Lyon
Mountain quadrangle. An old magnetic map cited
by Newland (1908, p. 126) and recent work of the
United States Bureau of Mines indicate that this

curved belt is about 6 miles long, extending some 2
miles northeast from the Bowen-Signor mine and
also some 4 miles west from it. The discovery of this
belt is credited to Peter Tremblay, who started
mining from four pits just west of the Bowen-Sig-
nor mine in 1844. Tremblay opened the present
Bowen-Signor mine in 1854 and worked it until
1867, when he sold the property to Bowen and
Williams (Hurd, 1880).

Bowen-Signor mine.—The Bowen-Signor mine,
which is 0.8 mile due south of Redford, produced
some 260,000 tons of ore (Newland, 1908, p. 127);
it was operated from 1854 until 1885. According to
an old mine plan now in the possession of Daniel
Trembley of Redford, the working breast of ore had
a width of about 22 feet when mining ceased. The
ore had been mined for a distance of about 1,600 feet
parallel to the strike. The mining operations (fig.
34) involved two levels, 100 feet and 175 feet below
the surface. The lower level had been driven for a
distance of 625 feet.

Samples obtained from the old dumps (table 48)
show magnetite in plagioclase granite gneiss, quart-
Zose pyroxene skarn, and pyroxene skarn. Associated
gangue rocks include pyroxene-scapolite gneiss,
feldspathic pyroxene gneiss, quartzose pyroxene
skarn, and microperthite granite gneiss. The com-
position of rocks that crop out at the mine are given
in table 49,

Putnam (1886, p. 120) gives the following ore
analyses:

1313
34.28
.124

1314

66.78
.037

Metallic irom. ... ovii v ittt
PhosphOruS. . ...t iviiet i i

1313 from 400 tons of ecrude ore.
1314 from 100 tons of separated ore.
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TABLE 48.—Modal composition of 12 samples of ore and gangue rock from dumps of Bowen-Signor mine

.

[D, domirant; X, present; G, phic-,

lar; C,

taclastic; Gn, gneissic; Gr, granular}

Microperthite.........coovveennnnn . . 8 |...

Plagioclase. . ...

Quartz.......
Clinoj xene
Hemg ende. .

Secapolite. . ... . . .

Magnetite....

Accessories. . ... . 2 ...

Metallic iron (percent by weight)2...
Magnetite (percent by weight)2. ....
Texture.........oovviiiiennnnne,

1 Largely replaced by ealcite.

3 Computed from mode.

BS-2, Pyroxene-contaminated microperthite syenite gneiss.
BS8-3, Granitized pyroxene skarn.

BS-4. Quartzose pyroxene skarn,

BS-5. Pyroxene-hornblende plagioclase gneiss.

BS-~6. Pyroxene-contaminated microperthite granite gneiss.
BS-7. Pyroxene skarn.

BS-10. Quartzose pyroxene skarn.

BS-11. Pyroxene-plagioclage granite gneiss.

BS-13. Quartzose pyroxene skarn.

BS-14. Hornblende-plagioclase granite gneiss,

BS-15. Pyroxene-plagioclase granite gneiss.

BS-16. Altered quartzose pyroxene skarn.

When the mine was operating, 2 to 3 tons of
crude ore was needed to produce a ton of concen-
trate. Data from the diamond-drilling program car-
ried out by the Saranac Iron Mining Co. in 1905
show an iron content ranging from 4.5 percent to
47.7 percent, with phosphorus ranging from 0.02
percent to 1.78 percent. Assays by the United States
Bureau of Mines of composite samples taken from
the old dumps gave the following results (adapted
from Reed and Cohen 1949) :

Per- Chemical analysis of magnetic and Total | Total
cent nonmagnetic fractions (percent) sample| Fe
Product byht (Fe (per;
weig per- | cent
Fe Si0: S P Mn | TiOz | cent)
C-55:
Magnetic. . .| 22.5 | 67.9 | 3.70 [0.002 | 0.02 | 0.07 | 0.34 | 15.3 | 84.9
Nonmagnetie| 77.5 | 3.5 |......0...... oo foeii b, 2.7 15.1
Total..|100.0 |......[.... ... ... oo e e, 18.0 | 100.0
Ratio of eoncentration. . ......... ... i il 4.35:1
C-56:
Magnetic. . .| 29.8 | 68.6 | 2.96 [0.002 | 0.01 | 0.06 | 0.34 | 20.4 89.3
Nonmagnetie| 70.2 | 3.5 |......|...... oo oot | 2.6 10.7
Total. .|100.0 [......[..cooifoviiiideeeai oo 22.9 | 100.0
Ratio of concentration.........oooiiiiiiiiii ittt 3.34:1

C-55. From dump on Saranac River near Redford.

C-56. From dump at Bowen-Signor mill pond.

Rocks exposed near the old workings strike N. 40°
E. and dip 70° NW. This strike conforms to the trend
of the magnetic anomaly. The diamond-drilling data

show, however, that underground the mineralized
zone dips 50° to 70° SSE., the opposite of the direc-
tion of dip of the exposed rocks. This difference in
dip is characteristic of the region and may be seen
in nearby outcrops. The old logs from diamond-drill-
ing indicate that the ore body ranges in thickness
from 6 feet to 22 feet. Two of the holes drilled cut
two ore zones, and one hole cut four mineralized
zones. There is some indication from the drill logs
that the ore zones decrease in thickness and iron
content with depth. The irregular thickness of the
ore zone may be caused by a pencil-shaped or cigar-
shaped ore body.

TABLE 49.—Modal composition of two samples of outcrop
material from the Bowen-Signor mine

[D, dominant; X, present; Gr, granular; Cl, recrystallized cataclastic]

453 453A
Microcline and mieroperthite.................... ol oooiiil 48,
PIAZIOCIAS0. . « . eeereeeeiaeinaanieeiaann { &= Ane
ATZ .« oot et e it iie et Tr. 23.4
JETITS) Ohig xs >, £ - TN A 283.7 [ eveiiinnnnn
Hornblende.............oiiiiiiiiiiiiiniien, 4.0 |l
ACCEBSOTIeS. . oo vt ittt e et 10.8 5.4
Magnetite........ovivviiiineninennnnenans D X
Epidote. ........ ves X
Zireon. .. X
Sphene.. ..
ADPAtite. e vttt i i e e
TEXbULE. .\ o ivveiiiieeenneeetrnnenieoennnnanns Gr Cl

453. Plagioclase-pyroxene gneiss.
453A. Microperthite granite gneiss.
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MAGNETITE MINES AND PROSPECTS

Conservative estimates indicate that a few million
tons of low-grade ore still remains in the Bowen-
Signor mine. ‘

During the summer of 1947 the Bureau of Mines
drilled three holes on the Bowen-Signor belt, two
of them on the Bowen-Signor mine and one on the
westward extension of the Bowen-Signor magnetic
anomaly between the Clayburg and Tremblay mines,
a section which the Bureau of Mines called the Earl
anomaly.

The first hole on the Bowen-Signor workings was
opposite number 8 shaft (counting from west to
east) and 250 to the southeast. The bearing was
perpendicular to the center line of the workings. The
second hole was 400 feet northeast of the first hole.
Neither of these holes intersected ore, which may be
an indication that the ore lies in narrow elongate
shoots. Figure 35A is the graphic log of these two
holes; tables 50 and 51 show the mineralogic com-
positions of samples taken from the drill core. The
hole on the Earl anomaly was located some 2.4 miles
west of the Bowen-Signor mine, about halfway be-
tween the old Tremblay mine and the Clayburg mine.
This hole intersected 12.3 feet of magnetite ore (9.6
feet, true thickness). The magnetite replaces a py-
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roxene-contaminated plagioclase granite gneiss. The
hanging-wall of the ore zone is a pyroxene-microper-
thite granite gneiss, and the footwall is a plagioclase
skarn migmatite underlain by a pyroxene-horn-
blende-plagioclase granite gneiss. Both the footwall
and the hanging-wall contain subore zones adjacent
to the main ore zone. The main ore zone has a
weighted average of 35.7 percent of metallic iron
over an apparent thickness of 12 feet (based on as-
says by the Bureau of Mines). If the footwall and
hanging-wall subore zones are included with the
main ore zone a weighted average of 23.4 percent of
metallic iron over an apparent thickness of 35.1 feet
is obtained.

Figure 385B is the graphic log of the hole, and
table 52 shows the mineralogic composition of sam-
ples taken from the drill core. Table 53 gives the
results of assays made by the United States Bureau
of Mines.

No polished sections of this ore were made, but
the high TiO, content of the magnetic fraction indi-
cates ilmenite in the magnetite. The high iron con-
tent in the nonmagnetic fraction may be due to
martite. :

TABLE 51.—Modal composition of 18 samples obtained from Bowen-Signor mine (diamond-drill hole 2),
Lyon Mountain granite gneiss

[X, present; G, xenomorphic-granular; Cl, cataclastic recrystallized; Cm, cataclastic with mylonite; C, cataclastic; Gn, issic}

BS2-1 | BS2-3 | BS2-4 | B82-5 | BS2-6 | BS2-7 | BS2-8 | BS2-10 | BS2-11 | BS2-12 | BS2-13 | BS2-14 | BS2-15 | BS2-16 | BS2-17 | BS2-18 | BS2-19 [ BS2-20
Microcline. ........ Tre |.ovenn S A P PN 3.2 0 e {504 |...co0]evnnnnn
51.0 | 28.8 54.6 |....... 62.0 |.......0.....tn 66.4
Microperthite. .....[J |  Jle..o]oeeeiifin 42,5 | ..ooifenan.. 65.0 1)  Hleeeeiieaiia.n 64.6
Microantiperthite...| ..... 6 A PR PR DU PP 221 | e e 32.1 |.......
Microantiperthite
and microperthite.|......[...... Zj B 1643 e e e e e

Texture............ Cm n n (i) 1 Cl
1 Altered.
2 Some white mica.
3 Euhedral.
BS2-1. Pyroxene-microperthite granite gneiss. BS82-12. Plagioclase-pyroxene quartz syenite gneiss.
BS2-3. Biotite-microperthite granite gneiss. BS2-13. Garnet-microperthite granite gneiss.
BS2-4. Microantiperthite granite gneiss. BS2-14. Biotite amphibolite.
B82-5. Microantiperthite granite gneiss. BS2-15. Amphibolite.

BS82-6. Scapolite amphibolite.

BS2-7. Microperthite granite gneiss.

B82-8. Biotite-microantiperthite granite gneiss.
BS2-10. Plagioclase granite gneiss.

BS2-11. Microperthite granite gneiss.

9487562—52—6

BS2-16. Microperthite granite gneiss.

BS2-17. Garnet-microperthite granite gneiss.

BS2-18. Garnet-microcline granite gneiss.

BS2-19. Hornblende-pyroxene-microantiperthite quartz syenite.
BS82-20. Garnet-pyroxene-microperthite granite gneiss.
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FIGURE 85.—Graphic logs. 4, Diamond-drill holes 1 and 2, Bowen-Signor mine. B, Diamond-drill hole 3, Earl anomaly.
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TaBLE 52.—Modal composition of 11 samples from the Earl anomaly (diamond-drill hole 8)

[C, cataclastic; Cl, recrystallized cataclastic; Cm, cataclastic with mylonite channels; G, xenomorphic-granular]

BS3-9

Microchine. . .oooiviviiieiennnn..

Microperthite. . oovveeiee ...,

Microantiperthite. ............ “es
Plagioclase.........covieviinnnns
Quartz.........c.iiviiiiinnnann
Clinopyroxene
Hornblende. . ...
Biotite....
Chlorite. .
Accessories. ,

.......... 65.2

1 Euhedral.

BS3-1. Microperthite granite gneiss.

BS3-2. Microantiperthite granite gneiss.

BS3-3. Biotite-hornblende microantiperthite granite gneiss.
BS3-4. Hornblende-microantiperthite granite gneiss.
BS3-5. Biotite-plagioclase granite gneiss.

BS3-6. Biotite-plagioclase granite gneiss.

TABLE 58,—Assays by United States Bureau of Mines of
material from Earl anomaly (diamond-drill hole 3)

8 ) ¢ Fe s ) ¢ Fe
ample per- ample per-
No. Interval cent) No. Interval cent)
102-760 309—313.4 11.7 102-764 327.0—330.8 133.7
102-761 313.4—318.8 6.83 102-765 330.8—333.0 17.4
102-762 318.8—323.5 139.7 102-766 333.0—338.0 22.5
. 102-763 323.5—327.0 134.1 102-767 338.0—344.1 s 25.8

! Main ore zone.

Following are the results of a Davis tube test
(adapted from Reed and Cohen, 1949) at minus
100-mesh on composite sample 102-762 to 102-767,
inclusive. The test engineer was F. D. Lamb.

Per- Chemical analysis of magnetic and Total | Per-

cent nonmagnetic fractions sample| cent

Product by Fe | total

weight Fe
Fe | 8iO: 8 P Mn | TiO:

Magnetie. . ... 34.8169.5|0.60 | 0.12 | 0.04 | 0.15 | 1.37 | 24.2 | 87.7
Nonmagnetic .| 65.2 |5 7%: T RSP (PP PR PRV PO 3.4 12.3
Total....[100.0 |............ ool 27.6 | 100.0

Clayburg mines.—The Clayburg mines are on the
south branch of the Saranac River about half a mile
south of Clayburg. The workings consist of an adit
near the west bank of the river and an open pit on
the east bank of the river. The west-bank adit is now
flooded and can be éxamined only by raft or over
the ice in the winter.

The ore in the east open pit is in a pyroxene-mic-
roantiperthite granite gneiss. The magnetite con-
tent runs about 30 percent by volume. The ore zone

BS3-7. Plagioclase granite gnejss.
BS3-8. Microperthite granite gneiss.
BS3-9. Microperthite granite gneiss.
B83-11. Pyroxene skarn.

B33-12. Biotite amphibolite.

has a true thickness of about 8 feet. The footwall is
composed of a plagioclase pyroxene gneiss; the
hanging-wall is a pyroxene-contaminated granite
gneiss (table 54). Numerous pegmatites with py-
roxene skarn inclusions cut the complex.

TABLE 54.—Modal composition of samples from the hanging-
wall and footwall, Clayburg mine!

[D, dominant; X, present; Gr, xenomorphic-granular; Gri, xenomorphic-granular
with mild ecataclastic channels]

Microantiperthite..........oooviviniiniiianaenl[§ Eg g Tt

Plagioclase

Quartz
Clinopyroxene.
Hornblende. . . ..
ACCESSOTIES, v vt it i e e

1 Pit on east side of Saranac River.

473. Pyroxene-contaminatedimicroantiperthite granite gneiss. From hanging-wall,
473A. Plagioclase-pyroxene gneiss. From footwall.

At the top surface of the pit the strike of the ore
zone is east and the dip vertical. In a descent of 40
feet to the bottom of the pit the dip changes to 70°
N. Outcrops to the north of the pit dip steeply to the
north ; those to the south of the pit dip to the south.

Tremblay mine.—The Tremblay mine is on the
south side of the main highway about a mile east of
Riverview. Operations on this deposit began about
1858 and ceased in 1880. (Daniel Tremblay, written

personal communication.) At the present time the
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workings are badly overgrown and flooded. The
main pit is about 150 feet by 15 feet and according
to Smock (1889, p. 40) was worked to a depth of
80 feet.

Inspection of the material still remaining on the
dumps indicates that the magnetite is in quartzose
pyroxene skarn, microperthite granite gneiss, and
granular quartz. There is some associated skarn and
amphibolite. Table 55 indicates the composition of
samples from the dump.

Putnam (1886, p. 121) cites the following assays:

]

1316

Metalliciron. .....cvvviiiiiiiiiieinnniineinoen, 28.62 65.01
Phosphorus........ooiiiiiiiiiiiiniiiieniaanens .017 .004
BT O L Present

1315. Burnt ore from crusher.
1316, Separated ore.

The ore zone strikes N. 65° W. and dips 75° NE.

Putnam (1886) says that the ore mass is irregular
in shape.

TABLE 55.—Modal composition of ore and skarn from dump
of Tremblay mine

[X, present; C, cataclastic; Cl,recrystallized cataclastic; Gr, xenomorphic granular]

GEOLOGY OF CLINTON COUNTY MAGNETITE DISTRICT, NEW YORK

LYON MOUNTAIN ORE BELT

The Lyon Mountain ore belt consists of a series
of northeasterly trending ore bodies extending over
a distance of 4 miles near the towns of Standish and
Lyon Mountain in the northwest corner of the Lyon
Mountain quadrangle. From southwest to northeast
there are four major ore bodies: the 81 mine, the
Phillips vein, the Chateaugay mine, and the Park-
hurst mine. These properties are now owned by the
Republic Steel Corp. Only the 81 and the Chateau-
gay mines were being operated in 1951. These four
bodies probably form parts of one continuous ore
belt with local breaks.

TABLE 56.—Modal composition of ore from dumps of
Tremblay pits

[D, dominant; X, present; C, cataclastic; Gr, granular]

TrP-1 TrP-2
Microperthite.......ooooiiiiiiiiiiiiiiiiiiiebbeiceni i 14.6
PlAgioclase. ... veueitn ettt (i Ay

Trm-1 Trm-2 Trm-2A Trm-3
Microperthite.............coo oo oo 56.7
Plagioclase. . . FR S Y PO Tr. 4.9

uartz....... 49.0 0.9 34.6 20.7
linOPYTOXeNne. . . oot vernnn]ooneensnan 71.6 118.6 Tr
Hornblende. .. 2. 25.7 fovevii i
Magnetite. ... 48.4 |.......... 46.7 16.3
Accessories. . . . ) 3% 2 R, 1.3
Apatite...............o.0 X | X loieiiiiienieiian
ZIPCON. . o v evvtinnneannns D S I [ X
Chlorite.........c.cevvuuen D S T A X
Magnetite...........oooonieiininn X e
Magnetite (percent by weight)?... 65.0 {.......... 63.5 27.8
Iron (percent by weight)2........ 47.0 |.ooinnn, 45.0 20.1
TextUre. ...ocveeenrerereaennes (o] Gr (6] Cl
1 Chloritized. 2 Computed from mode.
Trm-1. Quartzose ore. Trm-2A. Quartzose skarn ore.
Trm-~2, Skarn, Trm-3. Microperthite granite gneiss subore.

Tremblay pits—The Tremplay pits are on the
westward extension of the Bowen-Signor anomaly,
about a quarter of a mile southwest from the most
westerly shaft of the Bowen-Signor mine. These pits,
four in' number, represent the first workings in the
Bedford area. They were opened in 1844 (written
communication, Daniel Tremblay).

The pits were worked as a small hand operation,
and the material produced was sold to the local
forges.

The magnetite ore as seen on the dumps is of two
types: a quartzose pyroxene skarn ore and a micro-
perthite granite gneiss ore. Table 56 gives the com-
position of two samples obtained from the dumps.

There are no outcrops in the vicinity of the pits,
but the structure is probably conformable to the
Bowen-Signor mine.

TeXEULe, o o v vvitetieeeersuseeaseraoranaoneranan Gr C ‘
Magnetite (percent by weight)!. .................. 39.5 43.7
Iron (percent by weight)l..............c0viiiurnnn 28.5 31.7

1 Computed from mode.

TrP-1. Quartzose skarn ore.
TrP-2. Microperthite granite gneiss ore.

Chateaugay mine—The Chateaugay mine of the
Republic Steel Corp. is in the village of Lyon Moun-
tain. A general description of the mine installation
and operation has recently been given in Skillings’
Mining Review (July 10, 1948). This mine and the
81 mine were in 1951 the only producing mines in
Clinton County. Mr. Paul W. Zimmer, geologist for
the Republic Steel Corp. at Lyon Mountain, plans a
detailed description of this mine and the 81 mine.
Part of the information given here for these two
mines is due to the helpful cooperation of Mr. W. J.
Linney, District Manager, and Mr. Zimmer.

Gallagher. (1937, p. 10) states that the ore de-
posits at Lyon Mountain Village probably were
known as early as 1850. Mining was undertaken by
1867 but not extensively until 1871. Production from
1871 to the present time has been approximately
15,000,000 tons of ore. In 1948 the mine had an an-
nual output capacity of 1,500,000 long tons of crude
ore (Skillings’ Mining Review, July 10, 1948).

Magnetite in the Chateaugay mine is a replace-
ment of a pyroxene-contaminated microcline-micro-
perthite granite gneiss and plagioclase granite
gneiss. The ore lies in two parallel zones designated
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rounding plagioclase granite gneiss. One diamond-
drill hole exposed magnetite in a pink pyroxene-
microperthite granite gneiss with included zones of
magnetite-bearing pyroxene skarn and plagioclase
granite gneiss. The hanging-wall and footwall of
the ore zone vary in mineralogical composition.
Examination of thin sections from the mine and
from diamond-drill holes showed pyroxene-microper-
thite granite gneiss, skarn migmatite, amphibolite,
and pyroxene-plagioclase granite gneiss in the hang-
ing-wall. The footwall zone was composed of horn-
blende - pyroxene - microperthite - microantiperthite
granite gneiss and pyroxene-contaminated microper-
thite syenite gneiss.

The compositions of rocks associated with the ore
zone from two diamond-drill holes are given in tables
58 and 59. The composition of samples collected from
the old mine workings is given in table 60. Figure
37A shows the graphic logs of the two diamond-drill
holes for which petrographic data are given.

TABLE 60.—Modal composition of samples from No. 2 drift
of the 81 mine, Republic Steel Corp.
[X, present; G, xenomorphie-granular; Cl, recrystallized cataclastic]

Quartz. ..........ooiiiiinan.
Clinopyroxene, . Ve
Biotite.........

Magnetite (percent by weight)3. .
Metallic iron (percent by weight)3. 54.3

Texture. .......coovviiunienin. G Ccl

‘ 1 Thti high quartz content of these samples probably represents a late introduction
of quartz.

2 BEuhedral.
3 Computed from the mode.

From hanging wall exposed at entrance to No. 2 drift.

632. Plagioclase granite gneiss ore.

632A. Pyroxene microperthite granite gneiss.
632B. Plagioclase granite gneiss ore.

632D, Plagioclase granite gneiss ore.

Assays from the recent drilling program on this
ore body indicates very lean magnetite to a lean but
economic magnetite. Putnam (1886, p. 122) gave the
following assays of samples 1320 and 1821 :

1320

Metalliciron................. ..., 65.14 34.81
Phosphorus................ ... ... i, .017 .041
Titanicacid. ............. .. .. i Present |............

1320. From 150 tons of separated ore.
1321. From 300 tons of crude ore.

Newland (1908, p. 116) cites an average assay of

metallic iron of 41.87 percent, and phosphorus of
0.025 percent as obtained by H. H. Hindshaw from

81

33 samples of drill core taken from an old drilling
program.

The ore of the 81 mine lies along the heel and
northwest limb of a syncline. The limb has a strike
of N. 45° E. A small anticlinal fold lies between the
southeast limb of the syncline and the Chateaugay
mine (see plate 2 structure map). The ore in the
central part of the old mine dips 80° SE. However,
the dip at the extreme northeastern end of the old
mine is 60° NW. This variation of the dip through
the vertical is also encountered in the recent dia-
mond-drilling. The width of the syncline is approxi-
mately 2,000 feet. A relatively thin zone of silli-
manite granite gneiss crops out near the center of the
syncline on the crest of Second Mountain. The south-
east limb of the syncline joins, to the northeast, the
southwest workings of the Phillips vein and the
Chateaugay mine at Lyon Mountain. Magnetic sur-
veys and diamond-drilling indicated magnetite along
this limb, but it is either too thin or too lean for
exploitation. The magnetite on the southeast limb is
associated with sheared and brecciated rock on the
footwall side. Figure 87B is a graphic log of a dia-
mond-drill hole put down on this limb. Table 61 in-
dicates the mineral composition of samples obtained
from this hole.

The host rocks in the old mine have a strong min-
eral lineation, plunging 20° NE. Drilling indicates
that the plunge of the keel of the syncline is 30° NE.,
with a possible steepening at depth.

Evidence obtained from the mine workings, the
magnetic measurements, and the drilling would in-
dicate that the ore body is not a tabular body con-
forming to the shape of the syncline but is rather a
series of cigarlike shoots (see fig. 38) that trend
parallel to the strike of the surrounding rocks and
plunge parallel to the mineral lineation and the axis
of the syncline. The shoots are not completely sepa-
rated from each other but are connected by mag-
netite stringers.

Phillips vein.—The old Phillips vein lies about half
a mile southwest of the Chateaugay mine. The ore
does not crop out. Information on this ore zone is
very meager.

Newland (1908, p. 117) stated that there are in
this zone two parallel ore bodies with a thickness of
50 feet. The dip was reported as 80° NW. It was
Newland’s opinion that the Phillips vein represented
a fault-displaced segment of the Chateaugay ore
body. It seems more probable now that the apparent
displacement is caused by a fold bewteen the Phillips
vein and the Chateaugay ore body.

Parkhurst mine—The Parkhurst mine is on the
north side of a small hill near the railroad tracks
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SQUTHEAST LIMB OF 81 MINE
THE 81 SYNCLINE EXPLANATION
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about 215 miles from Lyon Mountain village. The
shaft is flooded.

Newland (1908, p. 122) said that the ore body was
walled by schist. He described the ore as being
coarse-grained with a gangue of quartz, feldspar,
and apatite. Diamond-drilling indicated an ore body
with an apparent thickness of 48 feet.

Newland gave the following partial analyses of ore
obtained from the dumps:

Rich ore Lean ore
Iron N 56.10 34.20
Silica 13.85 34.08
Titanic oxide 0 20
Sulfur . ___ 015 .035
Phosphorus _ — .156 031
Manganese _ _ .05 .04

Between 1889 and 1892 about 40,000 tons of ore
were produced.

FRANKLIN COUNTY

Two areas containing magnetite ore bodies in
Franklin County near the Clinton County line should
be mentioned to complete the description of the area
as a whole. These additional localities are known as
the Duncan Mountain prospect and the Bannerhouse
mine.

Duncan Mountain prospect.—The Duncan Moun-
tain prospect is on the south slope of Duncan Moun-
tain in the Lyon Mountain quadrangle. The prospect,
consisting of three shallow pits, lies 0.6 mile N. 50°
W. from the dam at Union Falls.

The magnetite is associated with a metagabbro.
Examination of a polished ore sample exhibited an
unusually high content of granular ilmenite, which
is not characteristic of the ores of the Lyon Moun-
tain granite gneiss. A biotite-pyroxene amphibolite
forms the hanging-wall of the ore zone; the footwall
is composed of a magnetite-microperthite granite

Bottom of
proposed pits

] / 81 ORE SHOOT
2000 P

STANDISH ROAD ORE SHOOT

gneiss. The modal compositions of these
given in table 61.

An assay made by the United States Bureau of
Mines on a channel sample from the east pit gave the
following results:

rocks is

Fe P S TiO2 Insol.

33.40 0.46 0.20 3.80 43.1

The titanium and phosphorus content of the ore is -

obviously high. The titanium is present in ilmenite,
and the phosphorus is present in apatite.

Exposures in the prospect pits indicate that the
ore zone has an eastward strike and a dip of 40°
—60° N. The thickness of the magnetite concentra-
tion is between 3 and 4 feet. Outcrops some 500 feet
down grade have a strong mineral lineation that
plunges down the dip.

A reconnaissance dip-needle survey of the area
made by the Bureau of Mines showed a moderate
anomaly over a distance of 600 feet in the vicinity
of the three test pits. The airborne magnetometer
survey gave no attraction over this area, though an
anomaly was recorded 0.6 mile to the west.

Bannerhouse mine.—The Bannerhouse mine is on
the western flank of Sanburn Hill just south of the
44° 50’ latitude line on the extreme eastern side of
the Chateaugay quadrangle. The mine consists of
three pits and a timbered shaft, now flooded, that
was driven down the dip of the ore zone.

At this mine magnetite occurs in a pink medium-
grained pyroxene syenite gneiss or quartz syenite
gneiss of the Lyon Mountain granite gneiss. Schlier-
en and knots of green pyroxene are common in the
ore-bearing rock. The ore zone is cut across at low
angles by quartz veins and pegmatites that carry
coarsely crystallized magnetite. Both the hanging-

PHILLIPS ORE SHOOT

b,

W.C. LEVEL |

1000

1263 LEVEL

500

1513 LEVEL
1813 LEVEL

Sea _{

Distance from
level

shaft-1 drifts

-500-

Distance from
shaft-1 drifts

From Engineering and Miming Journal, August 1949

FIGURE 38.—Longitudinal section showing the

ore shoots of the 81 mine area.
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TABLE 61.—Modal composition of magnetite and associated
rocks from the Duncan prospect east pit

[X, present; G, xenomorphic-granular; C, cataclastic]

21096A

Magnetite (percent by weight)..............|[....coooifiiiii. 67.4
Metallic iron (percent by weight). ..........[.... ... . |...o..ut. 48.7
TeXEULC. vt v vaveeneeennreranneennnennn G G C

1 Hanging wall.

2 Footwall.

3 Ore from vein.
4 Titaniferous.
5 Computed from mode.

1096. Pyroxene amphibolite.
1096A. Microperthite granite gneiss.
1096C. Microantiperthite titaniferous ore.

walls and the footwalls of the magnetite zone are
composed of pink medium-grained syenite gneiss.
Table 62 shows the modal compositions of samples
collected from the old dump.

The ore zone has a strike of N. 80° K. and a dip of
55° S. The mineralized zone may be on the northwest
limb of a syncline that plunges to the northeast. In-
spection of the abandoned shaft sunk on the ore
zone shows a possible thickness of about 10 feet for
the ore.

Reconnaissance dip-needle surveys indicate that
high attraction is confined to the immediate vicinity
of the old workings. It is therefore probable that the
ore zone has no great extent.

TABLE 62.—Modal composition of ore and associated rock
from the dump of the Banmnerhouse mine

[D, dominant; X, present; G, xenomorphic-granular; Gl, xenomorphic-granular
with recrystallized cataclastic texture]

. P528 P528C P528F P528G
Microperthite...................... 68.8 54.7 66.3 61.6
Oligoclase . . .

artz. .....

Clinopyroxene
Biotite. .............. ... .ol
Magnetite
Accessories

Apatite

Zircon

Sphene

orite

Magnetite (percent by weight)!...... 28.1 39.1 9.4 32.3
Iron (percent by weight)l........... 20.3 25.4 1.8 23.3
TeXLUTE. . v e vveevneennanennnns G Gl Gl

! Computed from mode. .
P528. Pyroxene-contaminated microperthite granite-gneiss subore.
P528C. Pyroxene-contaminated microperthite granite-gneiss ore.
P528F. Pyroxene-contaminated microperthite granite gneiss.
P528G. Pyroxene-contaminated microperthite granite-gneiss ore,
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